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Abstract This study was aimed to assess the associations

of hemoglobin A1c (HbA1c), fasting plasma glucose

(FPG), and 2h postload plasma glucose (2hPG) with b-cell

function in the Chinese population. A total of 913 subjects

underwent 75-g oral glucose tolerance test (OGTT) and

HbA1c testing. According to OGTT, isolated impaired

fasting glucose (i-IFG) was defined as 5.6 mmol/

l B FPG \ 7.0 mmol/l and 2hPG \ 7.8 mmol/l; isolated

impaired glucose tolerance (i-IGT) was defined as

FPG \ 5.6 mmol/l and 7.8 mmol/l B 2hPG \ 11.1 mmol/l.

HbA1c 5.7–6.4 % was used to identify subjects with

prediabetes. Insulin release was calculated by basal

homeostasis model assessment of insulin secretion

(HOMA-b), early-phase InsAUC30/GluAUC30, and total-

phase InsAUC120/GluAUC120. b-cell function relative to

insulin sensitivity was expressed as disposition index (DI).

All indices of insulin sensitivity and b-cell function grad-

ually decreased with increasing HbA1c, FPG, and 2hPG

(all p \ 0.01). b-cell function decreased precipitously

when HbA1c exceeded 5.5 %. Compared with HbA1c,

FPG showed stronger correlations with HOMA-b,

InsAUC30/GluAUC30, InsAUC120/GluAUC120, DI30, and

DI120 (all p \ 0.05), and 2hPG was more closely related to

DI30 and DI120 (all p \ 0.01). Moreover, FPG was more

strongly related to HOMA-b and InsAUC30/GluAUC30

than 2hPG (all p \ 0.05). The combination of i-IFG and

HbA1c 5.7–6.4 % showed the greatest reduction in DI30

and DI120 compared with HbA1c 5.7–6.4 % alone, i-IGT,

or i-IFG (p \ 0.05). In conclusion, HbA1c could be used as

a marker to identify subjects with impaired b-cell function,

but OGTT performs better than HbA1c. The combination

of HbA1c and FPG is a simple and sensitive method to

evaluate b-cell function.
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Introduction

b-cell dysfunction and insulin resistance play an important

role in the pathophysiology underlying the development of

type 2 diabetes mellitus (T2DM). Evidences demonstrate

that insulin resistance occurs 10–20 years before the onset

of diabetes [1]. In order to maintain normal glucose tol-

erance, b-cell secretes sufficient insulin to respond to

insulin resistant state. When the progressive deterioration

of b-cell function fails to compensate for insulin resistance,

hyperglycemia develops.

A number of studies have examined the relationship

between fasting plasma glucose (FPG) or 2h postload

plasma glucose (2hPG) and insulin sensitivity or b-cell

function [2, 3]. Our previous data have shown that the

deterioration of b-cell function and insulin sensitivity

contribute to the increase in both FPG and 2hPG in the

Chinese population and begin within the normal glycemic

range [4, 5].
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As an indirect measure of mean blood glucose over the

previous 2–3 months, glycated hemoglobin 1c (HbA1c) is

well correlated with FPG and 2hPG. In addition, it captures

chronic hyperglycemia better than FPG or 2hPG with other

advantages such as fasting not needed, sample stability, not

being altered by acute factors (stress, diet, exercise etc.).

The American Diabetes Association (ADA) has recom-

mended HbA1c as a routine measurement in patients with

diabetes [6] and admitted it as a diagnostic tool for diabetes

[7]. Recently, studies addressing the questions of the

pathophysiological defects responsible for increasing

HbA1c have attracted considerable interest. Several studies

reported that increased HbA1c was associated with

decreased b-cell function [8–11], and another study, how-

ever, reported a negative relationship between them [12].

Moreover, some investigators found a better correlation of

b-cell function with glucose metabolism parameters

derived from OGTT than with HbA1c [8, 11], while others

suggested similar effects of glucose metabolism parameters

and HbA1c on b-cell function [13]. It is known that dif-

ferences in b-cell function and insulin sensitivity exist

among different races, the ethnic differences also influence

HbA1c [14], but no relevant data comparing the different

effects of the increase in HbA1c, FPG, and 2hPG on

changes in b-cell function in the Chinese population have

been reported. Therefore, this study was aimed to investi-

gate the relationship between HbA1c and b-cell function

and to compare the abilities of HbA1c, FPG, and 2hPG to

identify individuals with impaired b-cell function in Chi-

nese subjects.

Methods

Subjects

This cross-sectional study included 913 individuals who

were free of known diabetes and received a 75-g oral

glucose tolerance test as an evaluation for glucose toler-

ance in our department from June 2010 to February 2013.

The study protocol was approved by the Ethics Committee

of Drum Tower Hospital, and all subjects gave informed

consent.

Clinical measurements

A standardized medical history and accurate physical

examination were obtained from all subjects before a 75-g

OGTT was administered. Measurements of waist (at the

midway between the iliac crest and the costal margin) and

hip (at the level of the trochanters) circumference were

performed twice by the same observer, and the mean

value was recorded. Waist-to-hip ratio (WHR) was

calculated as waist circumference divided by hip circum-

ference. Weight and height were measured without shoes

in light clothing, and body mass index (BMI) was calcu-

lated as dividing the body weight in kilograms by the

height in meters squared. Blood pressure measurements

were taken twice with a standard mercury sphygmoma-

nometer with subjects at rest, and the mean value was

calculated. Based on the criterion established by the

Working Group On Obesity in China [15], overweight and

obesity were defined as 24 kg/m2 B BMI \ 28 kg/m2 and

BMI C 28 kg/m2, respectively.

Oral glucose tolerance test

All the subjects underwent a 75-g OGTT in the morning

after a 10-h overnight fast. Blood samples were collected

through an antecubital vein. Blood samples for plasma

glucose, insulin, and HbA1c were drawn in the fasting

state. The participants then ingested a solution containing

75-g anhydrous glucose in 5 min, and venous blood sam-

ples were collected at 30, 60, 120 min for determination of

plasma glucose and insulin.

Based on the OGTT, subjects were classified into four

categories of glucose tolerance according to the Interna-

tional Diabetes Federation (IDF) guideline [16]: normal

glucose tolerance (NGT): FPG \ 5.6 mmol/l and

2hPG \ 7.8 mmol/l; impaired fasting glucose (i-IFG):

5.6 mmol/l B FPG \ 7.0 mmol/l and 2hPG \ 7.8 mmol/l;

impaired glucose tolerance (i-IGT): FPG \ 5.6 mmol/l and

7.8 mmol/l B 2hPG \ 11.1 mmol/l; T2DM: FPG C 7.0

mmol/l or 2hPG C 11.1 mmol/l. Glucose tolerance was

also determined by HbA1c levels recommended by ADA

[7]: normal glucose metabolism, HbA1c \ 5.7 %; predia-

betes, HbA1c 5.7–6.4 %; T2DM, HbA1c C 6.5 %.

Measurements

Plasma glucose concentration was measured using a

hexokinase method (TBA-200FR, Tokyo, Japan). Insulin

was determined by electrochemiluminescent immunoassay

(Roche, USA). HbA1c analysis was measured by high-

performance liquid chromatography (HLC-73G8, Tosoh,

Japan).

Calculations

Insulin sensitivity was measured by the homeostasis model

assessment as 1/homeostasis model assessment of insulin

resistance (1/HOMA-IR) index and Matsuda insulin sen-

sitivity index (ISIM) [17–19], as we described previously

[4, 5]. Homeostasis model assessment of insulin secretion

(HOMA-b) was calculated as basal insulin release [18].

Early-phase insulin release was calculated as the total
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insulin area under the curve divided by the total glucose

area under the curve during the first 30 min of the OGTT

(InsAUC30/GluAUC30), which has previously been shown

to have high correlation with the first-phase insulin secre-

tion in intravenous glucose tolerance test [3]. Similarly,

total insulin secretion was calculated by insAUC120/Glu-

AUC120. Moreover, insulin secretion relative to insulin

sensitivity was expressed as the disposition index (DI) that

was calculated as follows: early-phase DI30 = [InsAUC30/

GluAUC30] 9 ISIM and total-phase DI120 = [InsAUC120/

GluAUC120] 9 ISIM [3].

Statistical analysis

All statistical analyses were performed using SPSS version

16.0 and MedCalc Version 11.4.2.0. Data are presented as

mean ± SD. Variables with skewed distribution were

logarithmically transformed before analysis. Differences in

categorical variables were determined by v2 analysis. The

significance of the mean differences was tested by ANOVA

followed by Bonferroni post hoc pairwise comparisons or

after adjustment of age, sex, and BMI for indexes for

insulin sensitivity and b-cell function using the general

linear model. Spearman correlation tests were used to

determine the relations between glycemic measures and

indexes for insulin sensitivity and b-cell function. All

p values were two-sided and \0.05 were considered sta-

tistically significant.

Results

Clinical characteristics according to HbA1c categories

The 913 participants (49.2 % men and 50.8 % women) in

this study have an average age of 50.7 ± 13.6 years and a

BMI of 25.1 ± 3.6 kg/m2. Table 1 presents the character-

istics of the participants with different HbA1c levels.

Subjects with HbA1c 5.7–6.4 % and HbA1c C 6.5 % were

older than those with HbA1c \ 5.7 %. Participants with

HbA1c C 6.5 % tended to be more obese with higher per-

centage of diabetes family history than the other two groups.

Systolic blood pressure (SBP) in HbA1c 5.7–6.4 % and

HbA1c C 6.5 % was higher than that in HbA1c \ 5.7 %.

Diastolic blood pressure (DBP) in HbA1c C 6.5 % was

higher than that in HbA1c 5.7–6.4 % and HbA1c \ 5.7 %.

With increasing HbA1c, plasma glucose concentrations

significantly increased as well. No difference in fasting

insulin levels was found among the three groups. The

30-min insulin secretion decreased as HbA1c increased;

1- and 2-h insulin release were significantly lower in sub-

jects with HbA1c C 6.5 % than in subjects with HbA1c

5.7–6.4 % and HbA1c \ 5.7 %.

Relations between HbA1c and b-cell function

As shown in Fig. 1, subjects were divided into subgroups

identified by a 0.2 % increase in HbA1c with

HbA1c \ 5.1 % as the reference category. Generally, all

indexes regarding b-cell function and insulin sensitivity

showed a downward trend with the increase in HbA1c.

Peripheral insulin sensitivity (1/HOMA-IR and ISIM)

decreased gradually with increasing HbA1c without a clear

threshold effect, while insulin secretion not adjusted

(HOMA-b, InsAUC30/GluAUC30 and InsAUC120/Glu-

AUC120) or adjusted for insulin resistance (DI30 and DI120)

decreased sharply for an HbA1c [ 5.5 %.

Compared with the HbA1c \ 5.7 % group, age-, sex-,

and BMI-adjusted 1/HOMA-IR and ISIM were significantly

decreased in subjects with HbA1c 5.7–6.4 % (-14 % in

1/HOMA-IR and -13 % in ISIM) and HbA1c C 6.5 %

(-32 % in 1/HOMA-IR and -21 % in ISIM) (Fig. 1a).

Age-, sex-, and BMI-adjusted HOMA-b, InsAUC30/Glu-

AUC30, InsAUC120/GluAUC120, DI30, and DI120 were

significantly decreased (by -24, -29, -21, -39, and

-33 %, respectively) in subjects with HbA1c 5.7–6.4 %

and substantially reduced (by -56, -58, -55, -68, and

-66 %, respectively) in subjects with HbA1c C 6.5 %

(Fig. 1b, c).

Correlations between glycemic measures and b-cell

function

The correlation coefficients between various indices of

b-cell function and the three glycemic measures (FPG,

2hPG, and HbA1c) are shown in Table 2. All the indices of

b-cell function and insulin sensitivity showed significant

correlations with FPG, 2hPG, and HbA1c. FPG was more

strongly correlated with HOMA-b (p \ 0.001) and In-

sAUC30/GluAUC30 (p \ 0.05) than 2hPG. Furthermore,

FPG showed stronger correlations with all the indices

(except for ISIM) for b-cell function and insulin sensitivity

than HbA1c (all p \ 0.05). Additionally, 2hPG rather than

HbA1c was more closely associated with DI30, DI120 and

ISIM.

Comparisons of b-cell function in prediabetic subjects

defined by HbA1c, OGTT or the combination

of the two

Participants were divided into six groups based on the

diagnosis of prediabetes according to OGTT and HbA1c:

(1) normoglycemia: NGT ? HbA1c \ 5.7 %; (2) HbA1c

5.7–6.4 % alone: NGT ? HbA1c 5.7–6.4 %; (3) IFG

alone: i-IFG ? HbA1c \ 5.7 %; (4) i-IFG ? HbA1c

5.7–6.4 %; (5) IGT alone: i-IGT ? HbA1c \ 5.7 %; and

(6) i-IGT ? HbA1c 5.7–6.4 %.
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After adjusting for age, sex and BMI, compared with the

NGT ? HbA1c \ 5.7 % group, the i-IFG ? HbA1c \
5.7 % and i-IFG ? HbA1c 5.7–6.4 % groups had a sig-

nificant decrease in 1/HOMA-IR (P \ 0.05) (Fig. 2a), and

the i-IFG ? HbA1c 5.7–6.4 % and i-IGT ? HbA1c

5.7–6.4 % groups had a significant decrease in ISIM

(p \ 0.05) (Fig. 2b).

HOMA-b in the i-IFG ? HbA1c \ 5.7 % and

i-IFG ? HbA1c 5.7–6.4 % groups were significantly lower

than that in the other four groups (p \ 0.05) (Fig. 2c).

InsAUC30/GluAUC30 and InsAUC120/GluAUC120 in all

prediabetic groups except for the NGT ? HbA1c

5.7–6.4 % group were significantly lower compared with

the NGT ? HbA1c \ 5.7 % group (p \ 0.05) (Fig. 2d, e).

DI30 and DI120 were significantly decreased in all pre-

diabetes groups in comparison with the NGT ? HbA1c

\ 5.7 % group and had the greatest reduction in the

i-IFG ? HbA1c 5.7–6.4 % group (p \ 0.05) (Fig. 2f, g).

Effects of age, sex, and BMI on the relation of HbA1c

to b-cell function

Subjects were divided into groups with diabetes [men

(n = 201) and women (n = 179)] and without diabetes

[men (n = 248) and women (n = 285)]. The interaction

between HbA1c and BMI in determining b-cell function

was significant in individuals with diabetes (p \ 0.05) but

not in individuals without diabetes. In subjects with

Table 1 Clinical and anthropometric characteristics according to categories of HbA1c

HbA1c \ 5.7 % HbA1c 5.7–6.4 % HbA1c C 6.5 % p

n 277 391 245

Sex (male/female) 114/163 192/199 143/102 \0.001

Age (years) 44.3 ± 14.4 53.7 ± 12.3* 53.1 ± 12.2* \0.001

BMI (kg/m2) 24.7 ± 4.2 25.0 ± 3.4 25.6 ± 3.2* 0.018

Waist-to-hip ratio 0.87 ± 0.07 0.88 ± 0.06* 0.90 ± 0.06*� \0.001

Waist circumference (cm) 86.2 ± 11.6 87.5 ± 9.9 89.9 ± 9.5*� \0.001

Overweight (%) 49.8 62.1* 69.4* 0.008

Family history of diabetes (%) 28.2 37.6 38.0 0.02

SBP (mmHg) 121.0 ± 14.6 125.9 ± 15.9* 128.4 ± 15.8* \0.001

DBP (mmHg) 79.1 ± 9.5 79.3 ± 10.0 81.7 ± 10.7*� 0.006

Fasting glucose (mmol/l) 5.2 ± 0.7 5.8 ± 0.9* 7.8 ± 2.5*� \0.001

30-min glucose (mmol/l) 9.2 ± 1.8 10.7 ± 1.9* 13.4 ± 2.9*� \0.001

1-h glucose (mmol/l) 9.6 ± 2.7 12.1 ± 2.9* 16.2 ± 3.7*� \0.001

2-h glucose (mmol/l) 7.6 ± 2.4 9.8 ± 3.0* 15.0 ± 4.8*� \0.001

Fasting insulin (uIU/ml) 10.7 ± 7.3 11.2 ± 8.2 10.6 ± 7.6 0.642

30-min insulin (uIU/ml) 80.0 ± 64.7 63.3 ± 52.8* 41.6 ± 35.6*� \0.001

1-h insulin (uIU/ml) 88.7 ± 66.4 89.1 ± 70.7 61.9 ± 51.6*� \0.001

2-h insulin (uIU/ml) 81.4 ± 74.6 88.7 ± 78.0 67.6 ± 60.8*� \0.001

Overweight is defined as body mass index C24 kg/m2. Data are mean ± SD or n (%)

* p \ 0.05 versus HbA1c \ 5.7 % group; � p \ 0.05 versus HbA1c 5.7–6.4 % group

Fig. 1 Analysis of indexes of insulin sensitivity (a), b-cell function

(b), and disposition index (c) across categories of HbA1c. Calcula-

tions were based on geometric means, adjusted for age, sex, and BMI

with the general linear model. Data show percentage of each point

relative to the reference category
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diabetes, every 1 % increase in HbA1c concentration was

associated with -26.4 % decline in HOMA-b, -23.0 % in

InsAUC30/GluAUC30, -27.5 % in InsAUC120/GluAUC120,

-19.0 % in DI30, and -23.7 % in DI120 in the non-obese,

while the decay rate was -15.1, -7.3, -10.2, -8.0,

-10.9 %, respectively, in the obese. No significant inter-

action between age and sex on the relation of HbA1c levels

to b-cell function was found (p [ 0.05).

Discussion

Our study demonstrated that, in the Chinese population, the

increasing HbA1c levels are associated with decreasing

b-cell function. Generally, FPG and 2hPG perform better

than HbA1c in detecting b-cell dysfunction. Furthermore,

we provided the important finding that subjects with both

i-IFG and HbA1c 5.7–6.4 % show worse b-cell function

compared to subjects with i-IFG, i-IGT, or HbA1c

5.7–6.4 % alone.

In the present study, we divided all the cases into three

groups according to the ADA recommended HbA1c cat-

egories and found a significant decrease in b-cell functions

from normal glycemia (HbA1c \ 5.7 %) to prediabetes

(HbA1c 5.7–6.4 %) and diabetes (HbA1c C 6.5 %).

Consistent with previous findings in western populations

[8, 9], our data indicated that the ADA HbA1c criteria

could identify subjects with impaired b-cell function in the

Chinese population as well. Further, we found a progres-

sive decrease in HOMA-b, InsAUC30/GluAUC30, In-

sAUC120/GluAUC120, DI30, and DI120 at the point of

HbA1c 5.5 %. Our results demonstrated that, in the Chi-

nese population, b-cell dysfunction occurred in subjects

within normal HbA1c levels. Consistent with ours, a study

from Japanese individuals also reported that subjects with

HbA1c of 5.4–5.5 % have a significant decrease in

HOMA-b, insulinogenic index, and DI, compared subjects

with HbA1c B 5.1 % [10].

Many studies have reported that both decreased insulin

sensitivity and insulin secretion were associated with

increased FPG, 2hPG, or HbA1c [3–5, 9–11]. However,

few of them investigated the different effects of these

three glycemic measures on b-cell function. In the current

study, we comparatively studied the correlations between

HbA1c, FPG, 2hPG, and b-cell function. Our results

demonstrated that increased HbA1c and glycemia (FPG

and 2hPG) were associated with decreased b-cell function.

However, HbA1c is a less accurate correlate of b-cell

function than FPG and 2hPG. Similar results were

obtained in a study including 855 participants from three

ethnic groups in which researchers showed that, compared

with HbA1c, FPG correlated better with the first-phase

insulin secretion [8]. In addition to previous studies, we

provided a detailed measurement for b-cell function and

found that, relative to HbA1c, FPG was more closely

correlated with the b-cell function indexes HOMA-b,

InsAUC30/GluAUC30, InsAUC120/GluAUC120 and with

DI30 and DI120. Moreover, 2hPG presented a stronger

association with the b-cell function indexes DI30 and

DI120. Additionally, FPG showed a better correlation with

basal and early-phase insulin release (HOMA-b and In-

sAUC30/GluAUC30) than 2hPG. These results were con-

sistent with our previous work which indicated that the

decline in insulin secretion was more pronounced with

increasing FPG than 2hPG [4].

Further analysis compared the abilities of HbA1c

5.7–6.4 %, i-IFG, i-IGT or the combination of them in

identifying individuals with impaired b-cell function. Since

they correlate better with b-cell function, both i-IFG and

i-IGT could identify subjects with impaired b-cell function

better than HbA1c 5.7–6.4 %. Consistent with us, Mustafa

et al. also reported that in subjects with NGT no difference

in b-cell function was found between the HbA1c \ 5.7 %

and HbA1c 5.7–6.4 % subgroups, but subjects with i-IFG

or i-IGT had a marked decrease in b-cell function despite

similar HbA1c levels [11].

Table 2 Spearman correlation analysis of associations of indexes for b cell function and insulin sensitivity with glycemic measures

FPG 2hPG HbA1c FPG versus

2hPG

FPG versus

HbA1c

2hPG versus

HbA1c

r p r p r p p p p

1/HOMA-IR (pmol/l, mmol/l) -0.364 \0.001 -0.313 \0.001 -0.240 \0.001 0.219 0.0035 0.0916

ISIM (uIU/ml, mg/ml) -0.196 \0.001 -0.281 \0.001 -0.157 \0.001 0.054 0.3905 0.0054

HOMA-B (pmol/l, mmol/l) -0.607 \0.001 -0.317 \0.001 -0.383 \0.001 \0.0001 \0.0001 0.1084

InsAUC30/GluAUC30 (pmol/mmol) -0.528 \0.001 -0.457 \0.001 -0.439 \0.001 0.0453 0.013 0.6309

InsAUC120/GluAUC120 (pmol/mmol) -0.528 \0.001 -0.466 \0.001 -0.442 \0.001 0.0787 0.0163 0.5190

DI30 -0.812 \0.001 -0.788 \0.001 -0.668 \0.001 0.1546 \0.0001 \0.0001

DI120 -0.838 \0.001 -0.827 \0.001 -0.692 \0.001 0.4445 \0.0001 \0.0001
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Although HbA1c played a less important role than FPG

and 2hPG in detecting b-cell dysfunction, we for the first

time found that the combination of HbA1c 5.7–6.4 % and

i-IFG presented the relatively greatest reduction in DI30

and DI120 when the normal glycemia group was used as the

reference category. Because insulin secretion is modulated

Fig. 2 Analysis of indexes of

insulin sensitivity (a, b), b-cell

function (c, d, e), and

disposition index (f, g) in

subjects with prediabetes

defined by HbA1c or OGTT or

the combination of the two.

Data are shown as mean ± SE.

*p \ 0.05 versus

HbA1c \ 5.7 % ? NGT

group, #p \ 0.05 versus HbA1c

5.7–6.4 % alone group,
Dp \ 0.05 versus IFG alone

group, $p \ 0.05 versus IGT

alone group, &p \ 0.05 versus

IGT ? HbA1c 5.7–6.4 %

group. Calculations were based

on geometric means, adjusted

for age, sex, and BMI with the

general linear model
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by insulin sensitivity, as an index calculated from insulin

secretion adjusted for insulin sensitivity, DI is the optimal

measurement of b-cell function. Furthermore, a longitudi-

nal study reported that DI was predictive of development of

diabetes over 10 years [20]. Thus, since it works better in

detecting decreased DI30 and DI120 as well as in predicting

diabetes [21–23], measurement of HbA1c in association

with FPG could provide a better tool in identifying subjects

with impaired b-cell function.

Finally, our results indicated that obesity does not affect

insulin secretion with increasing HbA1c in subjects without

diabetes. However, significant interaction between BMI

and HbA1c in determining insulin secretion was found in

subjects with diabetes: with increasing HbA1c, insulin

secretion in the non-obese individuals with diabetes

decreased faster than in the obese. Lorenzo et al. also

reported a negative interaction effect of obesity on the

relationship between HbA1c and insulin secretion in indi-

viduals without diabetes [8], but no further data in indi-

viduals with diabetes were reported. Previous evidences

suggested that obese subjects have higher insulin secretion

than lean subjects in people with NGT or diabetes [24, 25].

The b-cell in obese subjects with diabetes could, perhaps,

secret more insulin than in lean subjects with diabetes to

compensate for the increased insulin resistance. This may

be one of the causes leading to the differences between the

obese and lean individuals, but it still remains to be

determined.

There are some limitations to this study. Although we

studied the decay rates of the b-cell function with

increasing HbA1c and glucose and the differences between

them, this question is better addressed by longitudinal

rather than cross-sectional studies. In addition, the indexes

of insulin secretion and action were not derived directly

from glucose clamp techniques, which are the gold stan-

dard for assessment of b-cell function and insulin sensi-

tivity. Nevertheless, previous studies have reported high

correlations of these indexes derived from OGTT with

euglycemic insulin clamp or IVGTT [3, 17, 26–28] and

validated their usefulness in several large-scale studies [3,

29, 30].

In summary, the ADA recommended HbA1c criteria for

prediabetes and T2DM could identify subjects with

impaired b-cell function in the Chinese population. FPG

and 2hPG predict b-cell function better than HbA1c. The

combination of HbA1c and FPG may be a good choice to

detect loss of b-cell function and allow for early inter-

vention to slow the progressive b-cell dysfunction.
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