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SUMMARY
Background: The goal is to evaluate the threshold of hemoglobin A1C (HBA1c) for screening test among Chinese
patients with diabetes and high-risk groups in the endocrinological department and identify the relationship between HbA1c and plasma glucose.
Methods: Experimental design: This study is based on the data selected from patients without clinical intervention
enrolled in the Endocrinology Department and Admission Office in our hospital. It uses the four-point plasma glucose modeling and trapezoidal integration method to analyze the relationship between HbA1c and each plasma
glucose threshold in an oral glucose tolerance test (OGTT).
Setting: Harbin, China, from January 1st of 2010 to December 31st of 2012.
Participants: 2,853 16 - 85 year-old patients who came to our Endocrinology Department to take venous blood
measurements and OGTT.
Selection criteria: The OGTT and HbA1c were performed simultaneously, unless acidosis was present, without
considering past history of diabetes and oral hypoglycemic drugs or insulin treatment, or other basic combined
diseases. Pregnant patients were excluded.
Results: The area under the receiver operating characteristics curve (ROC) was 0.902 (95% confidence interval
0.890 to 0.914) for HbA1c alone and 0.915 (0.906 to 0.925) for fasting plasma glucose (FPG) alone. The HbA1c
threshold of 6.5% showed the highest Youden index of 64.4%, and significantly higher sensitivity (81.1%, 79.3%
to 82.7%) than FPG ≥ 7.0 mmol/L (69.8%, 67.8% to 71.8%) (p < 0.0001) and higher specificity (83.3%, 80.4% to
85.8%) than HbA1c ≥ 6.3% (76.3%, 73.2% to 79.3%) (p < 0.0001) in detecting diabetes, together with a low negative likelihood ratio of 0.2. In addition, the threshold of 1/2 hour postprandial glucose and that of 1 hour postprandial glucose are 10.6 mmol/L and 13.6 mmol/L, respectively. Thus, the relative contribution of FPG increased
gradually with increasing levels of HbA1c: 15.9% in the lowest vs. 44.0% in the highest quintile (p < 0.001). The
relative contribution of 1-hour postprandial glucose decreased progressively from the lowest (25.0%) to the highest quintile of HbA1c (14.2%, p < 0.001).
Conclusions: These findings suggest that the optimal HbA1c threshold of 6.5% as a screening criterion for diabetes and high-risk groups may be acceptable. This paper is trying to put forward the thresholds of 1/2-hour plasma
glucose and 1-hour plasma glucose for diagnosing diabetes. The relative contribution of FPG increased gradually
with increasing levels of HbA1c; however, the contribution of postprandial glucose decreased progressively.
(Clin. Lab. 2019;65:xx-xx. DOI: 10.7754/Clin.Lab.2018.180711)

_____________________________________________
Manuscript accepted September 4, 2018

Clin. Lab. 3/2019

1

Xiaojun Li et al.

diagnosing diabetes with 1/2-hours plasma glucose
(1/2-hPG) and 1-hour plasma glucose (1-hPG). We
adopted four-point blood glucose modeling (not used
previously) to assess the relative contribution of each
blood glucose threshold in an OGTT to HbA1c.
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MATERIALS AND METHODS
First, we logged into the computer laboratory information system of the Second Affiliated Hospital of Harbin
Medical University, and collected HbA1c and OGTT
data from January 1, 2010 to December 31, 2012 within
the limited scope of all data from patients enrolled
through the Endocrinology Department and admission
office without clinical intervention and had blood drawn
on the same day for FPG of HbA1c and OGTT (data not
conform to the requirement of blood-drawing on the
same day was automatically excluded). At the same
time, we also collected the information related to gender
and age. We collected 2,887 cases, not including those
involved with ketosis or aged less than 16. We then had
a total of 2,853 subjects aged 16 to 85. Case collections
did not consider past history of diabetes, diabetes type
identification, and oral hypoglycemic drugs or insulin
treatment, or other basic combined diseases and complications related to diabetes. Pregnant patients were ruled
out.
The test method [11], operating criteria, and testing apparatus of OGTT: (blood was drawn between 5:00 and
9:00 am after an 8-hour overnight fast) OGTT was performed in accordance with the criteria defined by the
World Health Organization [11]. After a 10 to 12 hours
overnight fast, subjects ingested a solution containing
75 g glucose over a 5-minute period, and venous blood
samples were collected at 0, 30, 60, and 120 minutes for
determination of plasma glucose by an automated glucose oxidase method (D360plus, SINO-INNOVA Medical Science & Technology Co., Ltd. China). The test
method, operating criteria, and testing apparatus of HbA1c [12]: (blood was drawn between 5:00 and 9:00 am
after an 8-hours overnight fast) Tests for HbA1c were
performed using a high performance liquid chromatographic method on an analyzer (VARIANT II TURBO,
Bio-Rad Laboratories, Hercules, CA, USA). Normal
glucose tolerance (NGT): fasting plasma glucose (FPG)
< 5.6 mmol/L and 2-hour plasma glucose (2-hPG)
< 7.8 mmol/L. The defining criterion of IGR [13] was:
IFG 5.6 mmol/L ≤ FPG < 7.0 mmol/L; IGT 7.8 mmol/L
≤ 2-hPG < 11.1 mmol/L. The defining criterion of DM
[14] was: FPG ≥ 7.0 mmol/L and/or 2-hPG ≥ 11.1
mmol/L.
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INTRODUCTION
Oral glucose tolerance test (OGTT) has long been recognized as the golden standard of diabetic diagnosis by
ADA/WHO organization [1,2]. However, the prevalence and reproducibility of OGTT is restricted due to
the requirement that participants need to take 75 g glucose in the fasting state and OGTT is time consuming.
The method of exclusively using blood glucose to
screen for diabetes can cause missed diagnoses. Because of lower individual day variability, a reflection of
average level of blood glucose within 2 to 3 months,
and no need for fasting, the test of HbA1c is recognized
as a useful tool [3-6] for screening and diagnosing diabetes. In 2006, it is noted that the American Diabetes
Association (ADA) still could not define HbA1c as a
criterion for diagnosing diabetes until 2009, when an International Expert Committee recommended that
HbA1c ≥ 6.5% could be used to diagnose diabetes. Subsequently, in 2011, the ADA summarized and approved
this recommendation. Meanwhile, they also expressed
that the selection of HbA1c threshold for diagnosing diabetes could be limited by many factors [7,8]. Nowadays, there is no universally accepted criterion [9,10]
for the selection of HbA1c threshold in diabetic diagnosis, due to varied testing methods in different locations,
racial variation, different study populations, and changed erythrocyte life span, etc. It needs to be further verified what the HbA1c threshold for diabetic diagnosis is
and whether it has a direct relationship with the plasma
glucose points in OGTT.
Our study was based on patient data selected from the
first ones who came to the Endocrinology Department
of the second affiliated Hospital of Harbin Medical University and analyzed the relationship between HbA1c
and each blood glucose point in an oral glucose tolerance test (OGTT) in order to identify the HbA1c threshold in diabetic diagnosis for people with diabetic highrisk groups. Meanwhile, we evaluated the thresholds for

Statistical analysis
We used SPSS version 13.0 for all statistical analyses.
We presented continuous variables as means (SD), except for skewed variables, which we presented as medians (interquartile range). We expressed categorical variables as percentages. We used Pearson’s correlation
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cases accounted for 13.9%; 498 with impaired glucose
regulation with an average age of 48.0 (16 - 83 years),
the 16 - 30 year old group accounted for 7.6%, the proportion of men is 54.6%, hospitalized cases accounted
for 11.2%; and 2,088 diabetics with an average age of
49.3 (16 - 85 years) and the proportion of men is 56.9%,
the 16 - 30 year old group accounted for 3.7%, hospitalized cases accounted for 20.5%. Of the 498 participants
with impaired glucose regulation, 116 (24.9%) had impaired fasting glucose, 124 (23.3%) had impaired glucose tolerance, and 258 (51.8%) had impaired fasting
glucose with impaired glucose tolerance.
Of the 2,088 participants with diabetes, OGTT was used
to assess that 62 subjects (3.0%) had isolated high fasting plasma glucose concentrations, 624 (29.9%) had
isolated high two-hour post-load plasma glucose concentrations, and 1,402 (61.7%) had high fasting plasma
glucose concentrations with high two hour post-load
plasma glucose concentrations.
HbA1c and either fasting plasma glucose or two hour
post-load plasma glucose were significantly correlated
(p < 0.001), with Pearson’s correlation coefficients of
0.72 and 0.73; 30-minute post-load plasma glucose and
either fasting plasma glucose or two-hour post-load
plasma glucose were significantly correlated (p <
0.001), with correlation coefficients of 0.88 and 0.76;
60-minute post-load plasma glucose and either FPG or
two-hour post-load plasma glucose were significantly
correlated (p < 0.001), with correlation coefficients of
0.81 and 0.86 on the basis of Pearson’s correlation
analysis.

analysis to investigate the association of two variables.
We used the method described by Hanley and McNeil
[15] to compare the two area under the receiver operating characteristics curves (ROC). We examined the sensitivity and specificity of HbA1c with the ROC to identify participants as having undiagnosed diabetes. The
Youden index [16] maximum was used as a basis to determine the best cutoff value. The relative contributions
of fasting and post-load glucose were compared over
quintiles of HbA1c by using one-way ANOVA, followed by a Student-Newman-Keuls test. Linear trends of
the relative contributions of fasting and post-load glucose were tested. We considered p-values less than 0.05
to be statistically significant for a two-sided test.
Validation of the model using a four-point glucose profile and calculation using the trapezoidal integration
method.
For the 2,853 patients, we used four-point plasma glucose (FPG, 1/2-hPG, 1-hPG, and 2-hPG) mean ± standard deviation, which were drawn as shown in the graph
(attached figure in supplementary material). Four areas
were calculated geometrically from the four-point
curve, the area below the baseline value (< 5.6 mmol/L)
was ignored, leaving 2,330 cases of FPG > 5.6 mmol/L
to analyze the relatively contribution. First, the area under the curve (AUC) above FPG concentrations (AUC1)
was calculated above the fasting plasma value and
therefore considered as a reflection of the postprandial
glycemic responses to 75 g glucose in the fasting state.
Second, the AUC > 5.6 mmol/L (AUC2) was calculated
above a baseline level equal to 5.6 mmol/L, reflecting
the increases in both fasting and postprandial PG. Then
we divided AUC1 into three areas, which contained a
triangle formed by three points of “abg”, a trapezoidal
area formed by four points of “bcfg”, and a trapezoid
region of “cdef”. The baseline value of 5.6 mmol/L was
chosen because this threshold has been defined as the
upper limit of normal PG during fasting or pre-prandial
times by the American Diabetes Association (ADA).
Therefore, the difference (AUC2 - AUC1) can be considered as an assessment of the increment in FPG values. As a result, the relative contributions of postprandial (1/2-hPG, 1-hPG, 2-hPG) and FPG to the total PG increment were calculated by using the following equations: (AUC /AUC2) x 100, (AUC
/AUC2) x 100,
and (AUC
/AUC2) x 100 for the postprandial (1/2hPG, 1-hPG, 2-hPG) contribution and [(AUC2 AUC1)/AUC2] x 100 for the fasting contribution.

The threshold of HbA1c for diagnosing diabetes
The receiver operating characteristics curve (ROC) [17]
shown in Figure 1A represented the diagnostic accuracy
of HbA1c for undiagnosed diabetes. The area under the
curve was 0.902 (95% confidence interval 0.890 to
0.914) for HbA1c alone and 0.915 (0.906 to 0.925) for
FPG alone. The two areas were significantly different
from each other (p = 0.04). These findings coincided
with the threshold selected by the closest distance to the
left upper corner of the receiver operating characteristics curve, which indicated the best trade-off between
sensitivity and specificity.
Table 2 showed the sensitivity, specificity, positive likelihood ratio, negative l-likelihood ratio, positive predictive value, and negative predictive value and Youden
index for identifying diabetes at HbA1c thresholds of
6.0 - 7.0%. HbA1c, as the diagnosis of diabetes, boundary value increased with 0.1%, the sensitivity decreased
and the specificity increased. An HbA1c threshold of
6.5% showed the highest Youden index of 64.4%
among the HbA1c thresholds, and a higher sensitivity of
81.1% (p < 0.001) and a highly specificity of 83.3%
(p < 0.001) for detecting diabetes compared with FPG
7.0 mmol/L. For an HbA1c threshold of 6.5%, the positive likelihood ratio was 4.9, the negative likelihood
ratio 0.2, the positive predictive value 93.0% and negative predictive value 61.7%. With the HbA1c level in-

RESULTS
In total there were 2,853 samples including 1,569 men
and 1,284 women with a median age of 49.0 (interquartile range 40.0 - 57.0 years). We re-evaluated the results
of OGTT in the dataset (Table 1): 267 people with an
average age of 41.7 (16 - 75 years) with normal glucose
tolerance, the 16 - 30 year old group accounted for
25.5%, the proportion of men is 40.5%, hospitalized
Clin. Lab. 3/2019
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Table 1. Clinical characteristic of participants.
Characteristics

Total (n = 2,853)

Men (n = 1,569)

Age (years)

49.0 (40.0 - 57.0)

47.0 (40.0 - 55.0)

Women (n = 1,284)
52.0 (43.0 - 58.0) *

FPG (mmol/L)

7.1 (5.9 - 8.9)

7.2 (6.1 - 8.9)

6.9 (5.7 - 9.0) *

1/2-hPG (mmol/L)

11.8 (9.8 - 14.2)

11.9 (10.1 - 14.1)

11.6 (9.6 - 14.2) *

1-hPG (mmol/L)

14.9 (12.2 - 17.7)

15.3 (12.7 - 17.7)

14.5 (11.5 - 17.7) *

2-hPG (mmol/L)

14.5 (10.3 - 17.9)

14.5 (10.7 - 17.6)

14.5 (9.6 - 18.3)

HbA1c (%)

7.0 (6.2 - 8.4)

7.1 (6.3 - 8.3)

7.0 (6.1 - 8.4) *

Outpatient-No. (%)

2,332 (81.7)

1,228 (78.3)

1,104 (86.0) *

NGT-No. (%) (5.6)

267 (9.4)

108 (6.9)

159 (12.4) *

IGR-No. (%) (5.6)

498 (17.5)

272 (17.3)

226 (17.6)

Diabetes-No. (%)
FPG ≥ 7.0 mmol/L and
2-hPG ≥ 11.1 mmol/L-No. (%)
FPG < 7.0 mmol/L and
2-hPG ≥ 11.1 mmol/L-No. (%)
FPG ≥ 7.0 mmol/L and
2-hPG < 11.1 mmol/L-No. (%)

2,088 (73.2)

1,189 (75.8)

899 (70.0) *

1,402 (49.1)

814 (51.9)

588 (45.8) *

624 (21.9)

334 (21.3)

290 (22.6)

62 (2.2)

41 (2.6)

21 (1.6)

Values are median (interquartile range) unless stated otherwise.
FPG - fasting plasma glucose, 2-hPG - 2-hour post-load plasma glucose, 1/2-hPG - 1/2-hour post-load plasma glucose, 1-hPG - 1-hour post-load
plasma glucose, NGT - normal glucose tolerance, IGR - impaired glucose regulation. * - p < 0.05 compared with men. Analyzed by Wilcoxon
Two-Sample Test and χ2 test.

overlap among three categories with respect to the
HbA1c levels. Using the cutoff of 6.5%, 82.8% of subjects with DM would be correctly identified; however,
23.7% of subjects with pre-diabetes and 3.7% of subjects with NGT would be included in this category. In
Figure 2B, we further divided pre-diabetes and diabetes
into different categories for analysis. It could be seen
further that using the cutoff of 6.5% as the optimal
threshold to diagnose diabetes, 61.1% of subjects with
only 2-hPG rising diabetes, 59.7% of subjects with only
FPG rising diabetes, and 90.9% with 2-hPG and FPG all
rising diabetes would be correctly identified. Nevertheless, 19.4% of subjects with IGT, 12.1% with IFG, and
31.0% with IFG and IGT would be included in this category.

creased, the positive hierarchical likelihood ratio, the
chance of HbA1c diagnosis at high risk of diabetes was
correspondingly increased. When HbA1c < 5.9%, the
hierarchical likelihood ratio was 0.1, with the increase
of HbA1c, 6.2 - 6.4% the ratio was 0.5; 6.5 - 6.7% was
1.0; after a significant increase, 7.1 - 7.3% was 2.5,
when 7.4 - 7.5% was 7.8, > 7.6% that was 28.4 (shown
in the table in the supplementary material specification).
Subsequently, we compared the sensitivity and specificity of HbA1c thresholds of 6.5% (as recommended by
the international expert committee) and 6.3% (recommended by a study from a community population of
Shanghai, China [18]) with a FPG threshold of
7.0 mmol/L. The sensitivities of an HbA1c threshold of
6.5% and this FPG concentration in diagnosing diabetes
were 81% and 69.8%, respectively (p < 0.0001), specificities were 83.3% and 100.0% (p < 0.0001), respectively. However, the sensitivity and specificity of an
HbA1c threshold of 6.3% were 86.1% and 76.3%,
which also differed significantly from that of FPG
(p < 0.0001). At an HbA1c threshold of 6.3% (Table 2),
the positive and negative predictive values were 90.8%
and 66.7% and the positive and negative likelihood ratios were 3.6 and 0.2, Youden index was 62.4%. Interestingly, the specificity of an HbA1c threshold of 6.5%
was higher than that of an HbA1c threshold of 6.3%
(p = 0.0007).
Figure 2A showed the distribution of HbA1c in those
with NGT, pre-diabetes (including IFG and/or IGT),
and DM. It could be seen that there was considerable

1/2-hPG and 1-hPG cutoff points for the diagnosis of
diabetes
We also attempted to provide an idea to adopt 1/2-hPG
and 1-hPG in OGTT for diabetic diagnosis and tested
different thresholds of sensitivity, specificity, positive
predictive value, negative predictive value, positive
likelihood ratio, negative likelihood ratio and Youden
index to compare with FPG threshold of 7.0 mmol/L.
As a result, we listed the positive results in Table 2
showing that the thresholds of 1/2-hPG and 1-hPG were
10.6 mmol/L and 13.6 mmol/L, respectively. The sensitivities were 81.4% and 82.3%, the specificities were
79.1% and 91.6%, their Youden indices were the highest among the different thresholds, 60.5% and 74.0%.
4
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Table 2. Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood
ratio and Youden index of the curve of HbA1c, 1/2-hour, 1-hour plasma glucose, FPG and 2-hour plasma glucose (n = 2,853).

Criterion

Threshold

Sensitivity

Specificity

Positive
likelihood
ratio

Negative
likelihood
ratio

Positive
predictive
value

Negative
predictive
value

Youden
index

HbA1c

> 6.0

92.4

60.4

2.3

0.1

86.4

74.5

52.8

(%)

> 6.1

90.6

66.9

2.7

0.1

88.2

72.3

57.5

> 6.2

88.4

72.2

3.2

0.2

89.7

69.4

60.5

> 6.3

86.1

76.3

3.6

0.2

90.8

66.7

62.4

> 6.4

83.5

80.7

4.3

0.2

92.2

64.2

64.2

> 6.5 *

81.1

83.3

4.9

0.2

93.0

61.7

64.4

> 6.6

77.9

86.3

5.7

0.3

93.9

58.9

64.2

> 6.7

74.8

89.0

6.8

0.3

94.9

56.4

63.8

> 6.8

71.8

90.9

7.9

0.3

95.5

54.2

62.7

> 6.9

68.7

92.4

9.1

0.3

96.1

51.9

61.1

> 7.0

65.2

94.3

11.3

0.4

96.9

49.8

59.5

> 10.6 *

81.4

79.1

3.9

0.2

91.4

60.9

60.5

81.0

> 13.6 *

82.3

91.6

9.8

0.2

96.4

65.5

74.0

84.9

> 7.0

69.8

100.0

-

0.3

100.0

54.8

69.8

78.1

> 11.1

97.0

100.0

-

0.0

100.0

92.4

97.0

97.8

1/2-hPG
(mmol/L)
1-hPG
(mmol/L)
FPG
(mmol/L)
2-hPG
(mmol/L)

Accuracy

Area under
curve

82.8

0.902
(0.890 - 0.914)

0.888
(0.876 - 0.900)
0.945
(0.937 - 0.953)
0.915
(0.906 - 0.925)
0.993
(0.990 - 0.995)

Values in parentheses are 95% confidence intervals.

(A)

(B)

Figure 1. (A) Receiver operating characteristics curve of HbA1c for detecting diabetes at each possible HbA1c threshold. (B)
Receiver characteristics curves of HbA1c, fasting glucose, 1/2-hPG, 1-hPG, and 2-hPG. (
HbA1c,
FPG,
1/2hPG,
1-hPG,
2-hPG,
Reference Line).
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(A)

(B)

Figure 2. (A) HbA1c distribution among subjects with NG, pre-DM, and DM. (
NGT,
Pre-diabetes,
Diabetes) (B) HbA1c distribution among subjects with IFG, IFG and IGT, Diabetes (only 2-hPG), Diabetes (only FPG),
Diabetes (FPG and 2-hPG). (
IFG,
IFG and IGT,
Diabetes < only 2-hPG >,
Diabetes < only FPG >,
Diabetes < FPG and 2-hPG >).

Figure 3. Relative contributions of postprandial (1/2-hPG, 1-hPG, 2-hPG) and fasting hyperglycemia (%) to the overall diurnal
hyperglycemia over quintiles of HbA1c. (
FPG,
1/2-hPG,
1-hPG,
2-hPG).
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Accordingly, the sensitivity of FPG threshold of 7.0
mmol/L was 69.8% and Youden index was 69.8%. It
was also interesting that the sensitivities of the threshold of 1/2-hPG 10.6 mmol/L and that of 1-hPG
13.6 mmol/L were higher than that of FPG threshold of
7.0 mmol/L (p < 0.0001, p < 0.0001).
Moreover, all plasma glucose concentrations during
OGTT and HbA1c were significant predictors of the future risk of diabetes (p < 0.001). The area under the receiver operating characteristics curves (AUC ) of 2hPG was 0.993 (0.990 - 0.995), accordingly, 1 hourAUC
and FPG-AUC
were 0.945 (0.937 - 0.953)
and 0.915 (0.906 - 0.925), respectively, HbA1c-AUC
was 0.902 (0.890 - 0.914), and the smallest was 1/2
hour-AUC , 0.888 (0.876 - 0.900). Nevertheless, the
area under the curves for HbA1c was significantly
smaller than that of FPG (p = 0.04), 1-hPG (p < 0.001),
2-hPG (p < 0.001), but not significantly different from
that of 1/2-hPG (p = 0.06). The area under the receiver
operating characteristics curve for 1/2-hPG was smaller
than that of FPG, 1-hPG, 2-hPG, while 1-hPG was
0.945 (0.937 - 0.953) which was above FPG (p <
0.0001) and under 2-hPG (p < 0.0001) (Figure 1B, Table 2).

DISCUSSION
We collected the data from 2,853 cases from the Endocrinology Department of the Second Affiliated Hospital
of Harbin Medical University. We found that an HbA1c
threshold of 6.5% had higher sensitivity and specificity
in terms of detecting undiagnosed diabetes compared to
that of a FPG threshold of 7.0 mmol/L. Its sensitivity
(81.1%) was higher than that of FPG (69.8%), so we
can say that HbA1c 6.5% increased the sensitivity of
FPG in the diagnosis of diabetes. Namely it can reduce
missed diagnosis and is a good complement to FPG.
HbA1c 6.5% had the highest Youden index of 64.4%
among HbA1c thresholds, which was an evaluation
screening testing authenticity. The Youden index, equal
to sensitivity plus specificity minus one, suggests the
overall ability of detecting diabetes and non-diabetes by
the screening test method. The bigger an index is, the
better effect and more authenticity the screening test
will present. This threshold may be more efficient in the
people at high risk of diabetes.
As the testing of HbA1c can be performed at any time
without the fasting state or other preparations for patients and does not need fasting for at least 8 hours
makes the diagnosis in one day possible. HbA1c is not
affected by the short-term changes of lifestyle such as
eating and exercise before an examination and can reflect the average level of blood glucose in the past 2 to 3
months before the diagnosis which thus will reflect the
long term blood glucose accurately. Therefore, regarding HbA1c as an indicator of diabetic diagnosis presents
better reproducibility. Some people put forward the idea
that HbA1c can be seen as the gold standard of blood
sugar monitoring. HbA1c increases the degree of hypoxia, and diabetic nephropathy, retinopathy, microangiopathy all relate to the modification of other proteins
(such as glycosylation and lipid peroxidation). So HbA1c can be regarded as the evaluation method of dangerous elements other than the use of diabetic diagnosis.
Type 1 diabetes mellitus control and DCCT of America
or Type 2 diabetes mellitus control and UKPDS all regard HbA1c as an important indicator of diabetes mellitus. While HbA1c also has some limitations itself as to
its testing on the average level of blood glucose within
2 to 3 months, diabetes less than 3 months will cause
some problem in the test. In addition, the level of hemoglobin will affect the testing of HbA1c for which the illness (such as aciderosis, kidney diseases and hemoglobinopathy) resulting in the increasing or decreasing of
hemoglobin will not be suitable with this testing method.
In addition, the threshold of HbA1c is also affected by
many extrinsic elements, such as age, gender, areas, climate, and race etc. The areas and climate elements in
our investigation and Shanghai’s community investigation [18] indicated that blood glucose in the fasting
state equaled approximately and the level of post-load
plasma glucose and the average level of HbA1c for investigation of people in the Harbin area were obviously

The relationship between HbA1c and all plasma glucose concentrations in OGTT
In 2,330 cases of FPG > 5.6 mmol/L, HbA1c correlated
with FPG, 1/2-hPG, 1-hPG, and 2-hPG, and correlation
coefficients were 0.685, 0.638, 0.666, and 0.684, respectively. HbA1c was associated with the area under
the curve of the four points’ glucose profile and above
5.6 mmol/L (AUC2) with a correlation coefficient of
0.718.
As shown in Figure 3, the relative contribution of fasting glucose increased gradually with increasing levels
of HbA1c: 15.9% in the lowest vs. 44.0% in the highest
quintile (Ptrend < 0.01). In contrast, the relative contribution of 1/2-hPG decreased progressively from the lowest 10.3% to the highest quintile of HbA1c 5.3%
(Ptrend < 0.01), as well as the contribution of 1-hPG from
25.0% to 14.2% (Ptrend < 0.01), and the contribution of
2-hPG in the lowest 48.9% vs. 36.6% in the highest
quintile (Ptrend < 0.01) [19]. Moreover, one-hour postprandial glucose showed a higher relative contribution
compared with FPG when HbA1c < 6.6%. Then, when
HbA1c exceeded 7.2%, the contribution of fasting glucose was significantly higher than that of 1-hPG. While
HbA1c > 9.3%, the relative contribution of fasting glucose even went beyond the contribution of 2-hPG, and
became the main role to affect blood glucose levels over
a period of time. In conclusion, the relative contribution
of fasting hyperglycemia increased gradually with increasing levels of HbA1c, whereas the contribution of
postprandial glucose decreased progressively. The correlation analysis of 2,330 cases shows the same conclusion: HbA1c and the relative contributions of FPG, 1/2hPG, 1-h PG, and 2-hPG were also associated, and correlation coefficients were 0.605, -0.526, -0.622, -0.411.

Clin. Lab. 3/2019

7

Xiaojun Li et al.

result of our study was more applicable to the diabetic
diagnosis of people at high risk of diabetes among
whom we thought the threshold of HbA1c for diabetic
diagnosis was 6.5% [26], and the result of community
research (6.0% [23], 6.1% [25,27,28], 6.2% [29], 6.3%
[18]) were more applied to the screening of diabetes
among general population. So, these two results had
certain differences. Therefore, we could assume two
thresholds for diabetic diagnosis, one as the threshold
for screening people at high risk of diabetes, the other
as the threshold for the diagnosis, which could also be
called exclusion criterion and diagnosis criterion, respectively [30]. Or OGTT can be taken when HbA1c
ranges from 6.0% to 6.5%, as recommended by British
health departments [29], which will save many processes of diagnosis and treatment. In Figure 2, we also took
more a detailed and objective evaluation for HbA1c
6.5% as the diagnosis of diabetes [31]. The result showed it was as diagnostic criterion of diabetes diagnosis
effect and also could be seen the diagnosis range of different types of diabetes and abnormal glucose tolerance.
At the same time, it suggested that it may not include
groups of blood glucose abnormalities and proportions.
The application for us to more fully and wisely use HbA1c and blood glucose to diagnose diabetes may have
deep significance.
It is noted that, in this research we applied the method
of half-hour and 1-hour plasma glucose for diabetic diagnosis, and attempted to demonstrate that the threshold
of half-hour and 1-hour plasma glucose for diabetic diagnosis were 10.6 mmol/L and 13.6 mmol/L with statistical results of the research data. In OGTT, we tested all
venous blood samples collected at 0, 30, 60, and 120
minutes for determination of plasma glucose; however,
none coinsided with the application of half-hour and 1hour plasma glucose for diabetic diagnosis. As early as
2001, one study indicated that a 1-hour meal tolerance
test could be used to determine the discontinuation of
insulin therapy in insulin-treated patients with type 2 diabetes mellitus. The survey gave a reference index of
10.0 mmol/L [32]. The diagnostic criterion was for diabetes during pregnancy and gave the corresponding 1hour plasma glucose (10.5 mmol/L) [33]. But no special
type of diagnostic criteria have been mentioned in this.
Some studies also proposed that 1-hour post-load plasma glucose is associated with the left ventricular diastolic dysfunction. Subjects with NGT ≥ 155 mg/dL (about
8.61 mmol/L) had significantly worse diastolic function
[34]. Therefore, we believe that using the investigation
of people, and data statistical analysis to determine the
half-hour and 1-hour plasma glucose for diabetic diagnosis will make use of OGTT effectively and improve it
reasonably, increase the assessment of the risk of diabetes complications, as well as the reliance and power of
diabetic diagnosis.
In addition, 1-hour plasma glucose showed better compliance. We therefore focused on the recommendation
to determine the cutoff point of 1-hour plasma glucose
in OGTT for the diagnosis of diabetes in our study. As

higher than in Shanghai, which may be related to the
high latitude and long, cold, and dry winter of Harbin.
Studies have demonstrated that there was a seasonal
variation in non-fasting serum C-peptide [20], so we
can infer that the season can also affect insulin secretion
and glucose regulation. A study from Japan directly
through large-scale census calculated the monthly average of HbA1c values through the year. The results proved that HbA1c values were the highest in March and the
lowest in October with a difference of 0.30%. There
were also significant seasonal changes in diabetic patients, which were the highest in the spring and the lowest in the autumn. These effects may be caused by cold
climate, decreased physical activity, and food intake
and body weight gain in the winter [21]. We therefore
concluded that Northeast China in determining the critical point of diabetes diagnosis with HbA1c may be a
higher value than that of a southern city is consistent
with the study findings.
According to the nation-wide American health and nutritional survey from 1999 to 2004, a threshold of HbAlc greater than or equal to 6.5% is defined as the best
threshold for diabetes mellitus of Americans [18]. In
Canada, a multi-ethnic country, the sensitivity is 73%
and the specificity 98% under the best threshold of
HbAlc of 7.1% [22]. A study on the diabetic screening
method of Chinese people's fasting blood-glucose and
HbA1c shows that the sensitivity is 80% and the specificity 89.8% under the best threshold of HbAlc of 6.0%
[23]. Such results can also be found in Japanese people,
the threshold of HbAlc is 6.1% (the sensitivity of 56.9%
and the specificity 95.3%) which is considered as the
suitable way to test diabetes mellitus and predict the
likelihood of blood vessel complication [24].
Our research has certain limitations. The subjects of this
study were diabetics in the high-risk groups, rather than
the general population. So, there may be a deviation in
HbA1c cutoff point selection, which then leads to the
occurrence of misdiagnosis. But the subjects of this
study were from the Endocrinology Department at high
risk of diabetes. Therefore, we thought that 6.5% of HbA1c was more conducive to out-patient screening. Besides, this test was usually performed in hospital, where
the experiment method was more advanced, therefore,
more feasible and necessary. But as for the inadequacy
of using HbA1c as the method to screen and diagnose
diabetes, maybe we can consider the method combined
the test of blood glucose and the test of HbA1c as recommended by British Ministry of Health to raise the
diagnostic efficiency [25]. As for the lack of patients’
height, weight and other physical data, for the group
this may impact individual factors. In addition, our
study was limited to the northern Chinese population,
and not on behalf of China’s overall HbA1c levels.
Because the data we used was from the outpatients and
inpatients of the Second Affiliated Hospital of Harbin
Medical University on the study of people at high risk
of diabetes, the investigation presented far higher probability of diabetes than that of general population. So the
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levels over a period of time. The main strength of hypoglycemia should be placed on reducing fasting glucose.
This study for refining the blood glucose control and
formulating hypoglycemic strategy has a more definite
guiding significance.
Here the four-point blood glucose profile model we
used still has some flaws, this is because the four points
we selected were fasting, 1/2-hPG, 1-hPG, and 2-hPG.
Since the presence of insulin secretion is delayed and
the peak is reduced in diabetic patients, the lack of 3hour plasma glucose (3-hPG) meant post absorptive
glucose, which may cause the missing area of a trapezoid in the area of computing the four-point model.
Thus, we estimate that the relative contribution of fasting, 1/2-hPG, 1-hPG, and 2-hPG to HbA1c may be not
estimated accurately. But the overall trend is still to determine it and the clinical significance has not changed.
This may prompt us that we can focus on a 3-hPG testing in future related research, in order to further estimate its impact on the relative contribution of HbA1c.
Thus we can give a more comprehensive guide in clinical glycemic control treatment. Moreover, using the
trapezoidal integration method may tend to underestimate more than other methods.

mentioned in the results we have made it clear, that an
area under the ROC greater than 0.9 had excellent diagnostic significance. The specificity for diagnosis of diabetes in decreasing order were 2-hour plasma glucose,
1-hour plasma glucose, FPG, HbA1c, and 1/2-hour
plasma glucose. Here we could see, the diagnostic effectiveness of 1-hour plasma glucose ranked only second to 2-hour plasma glucose; moreover, it was higher
than FPG. So, we had reason to believe that setting a
boundary value point of 1-hour plasma glucose as the
diagnostic standard of diabetes was very necessary. We
selected half-hour and 1-hour plasma glucose as the criteria which is perhaps excessive because of selected
IGT and thus requires a large sample of re-authentication.
Our results also suggest that postprandial glycemic excursions play a major role in the metabolic disequilibrium of patients suffering from mild or moderately high
HbA1c. The result is consistent with previous research
results [19]. On the contrary, fasting hyperglycemia appears to be a main contributor to the overall diurnal hyperglycemia in HbA1c of poorly controlled diabetic patients, whereas the role of postprandial glucose elevations decreases as patients’ progress toward high HbA1c. Because this relationship was confirmed in the
2,857 patients’ blood glucose monitoring, and the result
was given by our four-point sampling model, which integrated markers during the four main periods of daytime (fasting, 1/2-hPG, 1-hPG, and 2-hPG). These results indicate that there exists a progressive shift in the
respective contributions of fasting and postprandial hyperglycemia when patients progress from moderate to
high HbA1c. The contribution of postprandial glucose
becomes predominant in patients with mild or moderate
HbA1c diabetes, whereas the contribution of fasting hyperglycemia increases with high HbA1c. Such observations seem to reconcile the different results that were
observed in the literature because the shift in the respective contributions of fasting and postprandial hyperglycemia appears as a continuous spectrum of HbA1c from
fairly to poorly controlled patients with type 2 diabetes.
Then we put forward different solutions to control
blood glucose for people with the different blood glucose levels according to the above trends. HbA1c as a
regular monitor indicator for long-term control of blood
glucose, of course, is necessary to guide the adjustment
of the hypoglycemic scheme. In addition, we note that
one-hour postprandial glucose showed a higher relative
contribution compared to the fasting blood glucose
when HbA1c < 6.6%. Therefore, we believe that in mild
or moderate hyperglycemia the one hour postprandial
glucose control should be noted. Then when HbA1c exceeds 7.2%, the contribution of fasting glucose was significantly higher than that of 1-hour postprandial glucose. At this point the focus should be transferred to the
control of fasting blood glucose. When HbA1c > 9.3%,
the relative contribution of fasting glucose even went
beyond the contribution of 2-hours postprandial glucose, and became the main role to affect blood glucose
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CONCLUSION
This study found that an HbA1c threshold of 6.5% had
higher sensitivity for detecting undiagnosed diabetes in
China’s northeast adults and a little lower specificity to
that of the FPG threshold of 7.0 mmol/L with the highest Youden index of 64.8% among the HbA1c thresholds in Chinese adults, with a sensitivity similar to that
of using a FPG threshold of 7.0 mmol/L. These findings
suggest that the optimal HbA1c threshold of 6.5% as a
screening criterion for diabetes and high-risk groups
may be acceptable when FPG and OGTT are not available. This paper is suggesting that the diagnostic criteria
of 1/2-hour plasma glucose and 1-hour plasma glucose,
which were 10.6 mmol/L and 13.6 mmol/L, respectively, improved the application of the glucose tolerance
test. The relative contribution of fasting hyperglycemia
increased gradually with increasing levels of HbA1c,
whereas the contribution of postprandial glucose decreased progressively.
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