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Abstract The purpose of this study is to examine the
association of A1C with beta-cell dysfunction, insulin
resistance, and cardiovascular risk factors in Koreans with
the relatively high risk for the future development of dia-
betes. This cross-sectional study recruited subjects from the
pre-diabetic cohort of the Korea National Diabetes Pro-
gram. Among study subjects (n = 616) aged 21-77 years
with a history of hyperglycemia (fasting plasma glucose
(FPG) >5.5 mmol/mL), analyses were conducted on 504
participants (296 women, 208 men) except for subjects
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with FPG > 7.0 mmol/L or 120-min post-challenge
plasma glucose >11.1 mmol/L or AI1C > 6.5 %. For
insulin sensitivity and f-cell function classified by the
categories of AIC levels, Alns;g.o/AGluzg.o was lower in
the highest quartile group than other groups. Although
there was no significant difference in HOMA-IR according
to the A1C categories, even lowest A1C group (<5.3 %)
already included many subjects with abnormal glucose
tolerance. A1C showed a significant association with
hsCRP, number of metabolic syndrome (MetS) compo-
nents and Alns3zo.o/AGluzgg after adjusting for age, gender,
BMI, and medications whereas HOMA-IR was insignifi-
cantly associated with A1C. Stepwise regression analysis
for A1C showed that A1C is independently and negatively
associated with Alnsz o/AGlusgg, and positively associ-
ated with hsCRP. Our study showed that higher A1C was
associated with impaired early-phase insulin secretion,
MetS, and low grade inflammation in Koreans with the
relatively high risk for the future development of diabetes.

Keywords Pre-diabetes - Impaired glucose tolerance -
Impaired fasting glucose - Insulinogenic index -
HOMA-IR - Metabolic syndrome

Introduction

The prevalence of type 2 diabetes is emerging as a serious
health issue, especially in Asia [1]. For the primary pre-
vention of diabetes, early identification of persons at high
risk is important. Among the variables known to predict
type 2 diabetes, fasting plasma glucose (FPG) and glucose
levels 2-h after a glucose load are traditionally used for
diagnosis and management of diabetes [2]. Because mea-
suring FPG is less expensive, more convenient and more
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reproducible than performing an oral glucose tolerance test
[3], the American Diabetes Association (ADA) recom-
mended moving away from the OGTT to using FPG as
diagnostic criterion [4]. Although the use of FPG is simpler
and more reproducible [5], the omission of the 2-h plasma
glucose will miss a proportion of diabetic and pre-diabetic
patients who have normal FPG but elevated 2-h plasma
glucose (>7.8 mmol/l). A1C reflects plasma glucose levels
over 2-3 months, is weighted towards more recent levels
[6] and is useful for monitoring glycemic control in dia-
betic patients [7]. New clinical practice recommendations
by some international organizations advocate the use of
AI1C in diagnosis of diabetes, largely on the basis of the
established association between A1C and microvascular
disease [5]. However, to our knowledge, there are no data
on the association of A1C with metabolic parameters
including insulin resistance (IR), insulin secretory function
and cardiovascular disease (CVD) risk factors in Korean
pre-diabetic subjects. During the past few years, it has been
established that pre-diabetic conditions of isolated
impaired fasting glucose (IFG), isolated impaired glucose
tolerance (IGT), and combined fasting and post-challenge
hyperglycemia (IFG/IGT) represent distinct pathways to
diabetes [8, 9]. Although the primary abnormalities inher-
ent in the different pre-diabetic conditions are still
unknown, these pre-diabetic states are characterized by
different degrees of insulin sensitivity and IR [10]. Thus,
our objective in the current study was to evaluate the
contribution of impaired beta-cell function and increase in
IR across the range of AIC. Furthermore, this study
examines the association of AIC with CVD risk factors
and MetS in Korean with pre-diabetes.

Materials and methods
Subjects

This study is part of the Korea National Diabetes Program
(KNDP) which is an ongoing epidemiologic study sup-
ported by the Ministry for Health, Welfare, and Family
Affairs of Republic of Korea. The KNDP is a study of
patients with type 2 diabetes and pre-diabetes which has
been conducted from March 2005 to understand the char-
acteristics of type 2 diabetes and pre-diabetes and to
develop clinical guidelines in Korea. This study was con-
ducted in pre-diabetes cohort. Subjects (n = 616, men:
267, women: 349) aged 21-77 years with a history of
hyperglycemia (FPG > 5.5 mmol/mL) were enrolled from
July 2006 to December 2009 in the KNDP. After the
subjects fasted overnight for >10 h, the standard 75 g
glucose for the OGTT was administered according to the
recommendations of the National Diabetes Data Group

[11]. Blood samples were collected at 0, 30, and 120 min
after OGTT. Plasma glucose levels were measured at 0, 30,
and 120 min for all subjects and plasma insulin levels at 0
and 30 min were measured. All participants provided
written informed consent, and the Korea University Insti-
tutional Review Board, in accordance with the Declaration
of Helsinki of the World Medical Association approved
this study protocol. We excluded patients with (1) previ-
ously diagnosed any diabetes or taking any anti-diabetic
medication; (2) pregnancy; (3) known liver or renal dis-
ease; (4) FPG > 7.0 mmol/L or 120-min post-challenge
plasma glucose (PPGiyp) > 11.1 mmol/LL. or AIC >
6.5 %. The remaining subjects (n = 504, men: 208,
women: 296) were divided into four groups based on their
75 g results: NGT (rn = 68; FPG < 5.6 mmol/L. and
PPG 5y < 7.8 mmol/L), isolated IFG (n = 146; 5.6-
7.0 mmol/L and < 7.8 mmol/L, respectively), isolated IGT
(n =93; < 5.6 mmol/L and 7.8-11.1 mmol/L, respec-
tively), or combined IFG/IGT (n = 197; 5.6-7.0 mmol/L
and 7.8-11.1 mmol/L, respectively) in accordance with the
ADA criteria released in 2003 [12].

Clinical and laboratory measurements

The body mass index (BMI) was calculated as the weight/
height® (kg/m?) and the waist circumference was measured
at the midpoint between the lower border of the rib cage
and the iliac crest. Serum triglycerides and HDL choles-
terol levels were determined enzymatically using a chem-
istry analyzer (Hitachi 747, Tokyo, Japan). The LDL
cholesterol concentration was estimated using the Friede-
wald formula [13]. A glucose oxidase method was
employed to measure plasma glucose, and an electro-
chemiluminescence immunoassay (Roche Diagnostics,
Indianapolis, USA) was used to measure insulin levels. The
trapezoidal rule was used to calculate the incremental area
under the curve for glucose (AUCgycose) for the duration of
the OGTT. IR was calculated by the Homeostasis Model
Assessment (HOMA). The HOMA-IR was calculated using
the updated HOMA2 method (based on the computer
model) because it is more accurate than the original
HOMA1 method (based on explicit formulas) [14, 15].
Alnsz.o/AGlusgg, as a measure of insulin secretion (an
early secretory response to an oral glucose load), was
calculated as reported previously [16]. We also measured
Alnszg.o/AGluso.o/HOMA-IR as an adjusted insulin secre-
tion that accounted for the degree of insulin sensitivity
[17]. A1C was measured using high performance liquid
chromatography (Bio-Rad Variant II). The CV for glucose
was <1.5 % and that for A1C was <3.0 %. High-sensitivity
C-reactive protein (hsCRP) levels were measured using a
chemiluminescence immunoassay (Beckman, Coulter,
USA). A random urine sample was obtained for albumin
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creatinine ratio (ACR) measurements. Urinary creatinine
and albumin were measured using a turbidimetric assay
(Cobas Integra, Roche Diagnostics, Mannheim, Germany).
MetS was defined according to the criteria established by
the National Cholesterol Education Program Adult Treat-
ment Panel III using the adjusted waist circumference for
Asians [18]. Accordingly, participants with three or more
of the following five criteria were defined as having MetS:
(i) abdominal obesity by waist circumference (defined as
Asian specific waist circumference cut-off values of
>90 cm for men and >80 cm for women), (ii) systolic
blood pressure >130 mmHg or diastolic blood pressure
>85 mmHg or on antihypertensive medication, (iii) ele-
vated fasting blood glucose (>5.6 mmol/L), (iv) hypertri-
glyceridemia (>1.7 mmol/L), and (v) low serum HDL-
cholesterol <1.03 mmol/L in men and <1.29 mmol/L in
women).

Statistical analysis

Data are expressed as means £+ SD or median (interquartile
range). Discrete variables are presented as the total number
(percentage). For non-normally distributed variables, a
natural logarithmic transformation was performed before
data analysis. Descriptive data were presented according to
categories of A1C quartile (<5.3 %, 5.3 to <5.7 %, 5.7 to
<6.0, and >6.0 %); unequal numbers were found in the
quartiles because of decimals, and analyzed with analysis
of variance or y* test. After adjusting for gender, age, BMI,
and medication, Pearson’s partial correlation coefficients
were calculated to evaluate the relationship between car-
diovascular risk factors, and A1C. Differences in A1C
between those with and without MetS were evaluated by
the Wilcoxon’s rank-sum test. To determine independent
parameters related to AIC levels, multiple stepwise
regression analysis was performed. Data were analyzed
using the SPSS for Windows (Version 12.0; SPSS Inc.;
Chicago, IL, USA). All statistical results were based
on two-sided tests. A P value of <0.05 was considered
statistically significant.

Results

The study groups included 508 subjects with pre-diabetes
(men: 208, women: 296). The age of subjects enrolled ranged
from21to77 years withameanof 51.6 &+ 10.3 years of age.
Men had larger waist circumferences than women
(88.8 = 7.0 vs. 84.0 £ 9.8 cm, respectively, P < 0.001),
higher systolic blood pressure (SBP) (125.6 & 14.6 vs.
121.3 + 16.3 mmHg, respectively, P = 0.002), diastolic
blood pressure (DBP) (81.3 £ 11.6vs. 76.9 £ 10.4 mmHg,
respectively, P < 0.001), FPG (5.9 £ 0.5 vs. 5.7 &£ 0.5

@ Springer

mmol/L, respectively, P < 0.001), and serum triglycerides
(4.2 &+ 2.7 vs. 3.3 £ 2.4 mmol/L, respectively, P < 0.001)
but lower levels of HDL cholesterol (1.2 £ 0.3 vs. 1.4 £+
0.4 mmol/L, respectively, P < 0.001) and A1C (5.6 + 0.5
vs. 5.7 & 0.4 %, respectively, P = 0.011).

The clinical and biochemical characteristics of the pre-
diabetic group stratified according to quartiles of A1C are
shown in Table 1. Gender was not equally distributed in
each the quartile group because of a lower number of
subjects with the highest quartile of A1C. Age, BMI, waist
circumference, hsCRP, number of MetS components, and
medication of statin increased significantly with increasing
quartiles of A1C values. A1C levels were not correlated
with SBP, DBP, total cholesterol, LDL cholesterol, tri-
glycerides, antihypertensive agent, antiplatelet agent, and
prevalence of coronary artery disease. Smoking status and
alcohol drinking status were higher in individuals with
lowest quartile compared with highest quartile, but this was
because of the higher proportion of men in the lowest
quartile group.

For the variables for glycemia, insulin sensitivity, and
p-cell function classified by the preset categories of AI1C
levels, FPG and 30-min plasma glucose were higher in the
highest quartile group than lowest quartile group, whereas
Alnszo.o/AGlusgy and Alnszg.o/AGlusg.o/HOMA-IR was
lower in the highest quartile group (Table 2). There were
no significant differences in fasting plasma insulin levels,
30-min plasma insulin levels, and HOMA-IR according to
the AIC categories. The majority of study subjects had
abnormal glucose tolerance because study subjects had a
history of hyperglycemia (FPG > 5.5 mmol/mL) as sub-
jects with a high risk for developing type 2 diabetes. Even
85 % of subjects in the group with lowest quartile of A1C
had abnormal glucose tolerance (IFG, IGT, or combined
IFG + IGT).

Although AUC,yc0se Was associated with HOMA-IR
(V = 018, P = 0005), AIHS3()_()/AG1U3()_() (r = —027,
P < 0.001), and Alnszg.o/AGluzo. o/ HOMA-IR (r = —0.37,
P < 0.001), AIC was associated with Alnssy.o/AGlusg.g
and Alns;o.o/AGlusg o/HOMA-IR rather than HOMA-IR.
After adjusting for age, gender, BMI, and medication, the
partial correlation analysis showed that A1C was signifi-
cantly associated with hsCRP, number of MetS compo-
nents, FPG, 30-min plasma glucose levels, AUCjycoses
30-min plasma insulin, Alns;o.o/AGlusg.g, and Alnss.o/
AGluzo.o/HOMA-IR (Table 3). In addition, Women with
MetS showed increased AIC (5.7 £ 0.4 vs. 5.6 £ 0.4,
P = 0.007) compared to those without MetS, whereas, in
men, the difference did not reach statistical significance,
probably because of small numbers (5.6 £ 0.4 vs.
5.5+ 04, P =0.243).

To investigate whether the significant factors shown in
Table 3 was related independently to A1C, multiple
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Table 1 Clinical variables stratified by quartiles of A1C
1st Quartile 2nd Quartile 3rd Quartile 4th Quartile P
(n = 132) (n = 125) (n = 143) (n = 104)

A1C (minimum, maximum) 4.3,5.3) (54, 5.6) (5.7,5.9) (6.0, 6.4)

Age (years) 494 + 10.3° 50.9 £ 10.1%° 51.8 & 10.5% 542 + 10.0° 0.004
Male sex, n (%) 71 (53.8) 52 (41.6)™ 54 (37.8)° 32 (29.6)° 0.002
Current smokers, 1 (%) 58 (43.9) 41 (32.8)® 33 (23.1)° 25 (23.1)° <0.001
Alcohol drinking, n (%) 79 (59.8) 67 (53.6) 62 (43.4)" 42 (38.9)° 0.004
BMI (kg/m?) 24.6 + 3.3%® 24.1 £ 3.4° 252 + 2.8%® 25.6 £ 3.5° 0.005
Waist circumference (cm) 84.7 + 8.2° 85.0 + 9.1%° 86.4 & 7.2% 87.7 + 8.1° 0.024
SBP (mmHg) 122.5 + 16.7 120.6 + 13.9 124.0 &+ 15.1 125.1 &+ 14.3 0.122
DBP (mmHg) 78.9 + 11.9 76.6 & 10.0 80.1 £ 11.8 78.9 &+ 10.8 0.095
Total cholesterol (mmol/L) 48 £0.8 48 £0.8 49 £+ 09 49+ 1.0 0.736
LDL cholesterol (mmol/L) 3.0+ 0.8 2.8 £0.8 28 £0.9 29+ 09 0.199
HDL cholesterol (mmol/L) 12 4037 1.3 4+ 04 1.4 4+ 04° 13 4+ 03 0.002
Triglycerides (mmol/L) 24 (1.7, 3.9) 32 (2.0, 4.3) 3.0 (2.1, 4.0) 32 (22, 4.3) 0.414
Microalbuminuria (pg/mL) 6.0 (4.0, 8.8) 6.0 (4.4, 10.8) 6.9 (4.6, 9.7) 7.3 (4.5, 12.6) 0.075
hsCRP (mg/L) 0.5 (0.2, 1.1)* 0.5 (0.3, 1.0)* 0.7 (0.4, 1.1)™* 0.8 (0.5, 1.3)° 0.011
Number of MetS components 2.0 (1.0, 3.0)* 2.0 (2.0, 3.0)* 3.0 (2.0, 3.0)** 3.0 (2.0, 4.0)° 0.005
Antihypertensive agent, n (%) 35 (26.5) 26 (20.8) 40 (28.0) 31 (24.4) 0.566
Antiplatelet agent, n (%) 2 (1.5) 7 (5.6) 13 (9.1) 9(7.1) 0.056
Statin, n (%) 18 (13.6) 20 (16.0) 42 (29.4)° 30 (23.6)° 0.005
Coronary artery disease, n (%) 5 (3.8) 4 (3.2) 7 (4.9) 4 (3.1) 0.086

Data are presented as mean £ SD, median (interquartile range) or % when appropriate

SBP systolic blood pressure, DBP diastolic blood pressure, ~sCRP high-sensitivity C-reactive protein, MetS metabolic syndrome, LDL low
density lipoproteinl, HDL-C high density lipoprotein

P values represent overall differences across groups as determined by (nonparametric) ANOVA for continuous variables and Fisher’s exact test

or Pearson’s XZ test for categorical variables

Same superscript letters indicate no statistical significance based on Turkey’s HSD post hoc test or Wilcoxon’s rank-sum test

regression analysis was performed (Table 4). Stepwise
regression analysis for A1C showed that A1C is indepen-
dently and negatively associated with Alnszg.o/AGlusg.
(P =0.047), and positively associated with age
(P = 0.003), hsCRP (P = 0.001) and FPG (P = 0.007).

Discussion

The main findings of the study are that in Korean with the
relatively high risk for the future development of diabetes,
A1C showed an association with early-phase insulin
secretion assessed by insulinogenic index. However, IR
assessed by HOMA-IR was not significantly associated
with A1C. We, therefore, suggest that the elevated AIC is
more closely related to impaired early-phase insulin
secretion than IR in Korean with the relatively high risk for
the future development of diabetes.

Type 2 diabetes is a progressive disease of IR and
defects in insulin secretion due to loss of f-cell function.
At the time of diagnosis, only about 50 % of f-cell func-
tion remains, underscoring the progressive nature of the

disease and the importance of early diagnosis and pre-
vention [19]. Overt type 2 diabetes is usually preceded by a
condition known as pre-diabetes [20]. As with measure of
glucose, a continuum of risk for the development of dia-
betes based on A1C levels has been demonstrated [21, 22].
Thus, the continuum of risk in the subdiabetic glycemic
range argues for the elimination of dichotomous subdia-
betic classifications, such as IFG and IGT. Although the
International Expert Committee did not formally indentify
an equivalent intermediate category for A1C [5], incidence
of diabetes in people with A1C levels in the range from 6.0
to <6.5 is more than 10 times that of people with lower
levels [21, 23-26]. Our findings show that Korean subjects
with a A1C value of 6.0 % or higher may be at high risk for
the development of diabetes, as a feature of the impaired
early-phase insulin secretion.

In normal subjects an improvement in insulin sensitivity
is compensated by a decrease in insulin secretion according
to the hyperbolic law of glucose tolerance [27]. This
hyperbolic relationship between insulin sensitivity and
insulin secretion is represented on the curve of the “dis-
position index (DI).” [28]. DI becomes progressively lower
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Table 2 Glycemia, insulin sensitivity, and B-cell function of subjects with normal glucose tolerance and pre-diabetes

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile P
(n=132) (n = 125) (n = 143) (n = 104)
A1C (minimum, maximum) 4.3,5.3) (54, 5.6) 5.7,5.9) (6.0, 6.4)
AUCg1ycose 1008.9 (919.4, 1007.3 (923.2, 1037.7 (937.1, 1085.5 (980.2, <0.001
1094.9)* 1108.8)% 1129.1)* 1170.1)°
FPG (mmol/L) 5.6 £ 0.5* 5.7+ 0.6* 5.8+ 0.5 5.9+ 0.5° 0.001
30-min plasma glucose (mmol/L) 9.3 + 14* 9.6+ 1.6™ 9.9 4 1.5 10.2 £ 1.6° <0.001
120-min plasma glucose (mmol/L) 8.0+ 1.8 77+£18 8.0+ 1.7 82+ 18 0.207
Fasting plasma insulin (pmol/L) 45.8 (27.8, 70.3) 479 (33.5, 71.5) 56.7 (31.7, 89.2) 48.4 (27.8, 84.7) 0.437
30-min plasma insulin (pmol/L) 280.6 (195.5, 455.6)  245.2 (169.8, 513.2)  272.2 (177.6, 428.4)  276.9 (150.5, 399.2) 0.538
HOMA-IR 0.9 (0.5, 1.4) 0.9 (0.6, 1.4) 1.1 (0.6, 1.7) 1.0 (0.5, 1.6) 0.348
Alns;g.o/AGluzg g (pmol/L/mmol/L)  73.3 (42.8, 123.9)* 55.4 (30.3, 112.4)™  56.8 (31.3, 99.2)™ 46.6 (26.6, 86.3)" 0.008
Alns;g.o/AGluzg.o/HOMA-IR 81.7 (53.5, 131.6)* 65.5 (39.4, 116.0)° 62.7 (37.3, 112.8)° 52.7 (32.0, 90.2)° <0.001
Glycemic category 0.074
NGT, n (%) 20 (15.2) 24 (19.2) 16 (11.2) 8 (7.7)
IFG only, n (%) 33 (25.0) 41 (32.8) 41 (28.7) 31 (29.8)
IGT only, n (%) 33 (25.0) 18 (14.4) 25 (17.5) 17 (16.3)
Combined IFG + IGT, n (%) 46 (34.8) 42(33.6) 61 (42.7) 48 (46.2)

Data are presented as mean £ SD, median (interquartile range) or % when appropriate

Same superscript letters indicate no statistical significance based on Turkey’s HSD post hoc test or Wilcoxon’s rank-sum test

HOMA-IR homeostasis model assessment IR, NGT normal glucose tolerance, /FG impaired fasting glucose tolerance, /GT impaired glucose

tolerance

P values represent overall differences across groups as determined by (nonparametric) ANOVA for continuous variables and Fisher’s exact test

or Pearson’s XZ test for categorical variables

in those along the progression from normal to type 2 dia-
betes, reflecting a decreased ability of the pancreas to fully
compensate for increases in IR, while DI is relatively high
in normal individuals [29-31]. Although HOMA-IR,
AIHS30_0/AG11130_0, and AIHS3()_()/AG1U30_0/HOMA-IR were
evaluated instead of DI in this study, compared with lowest
A1C quartile group, highest A1C quartile group had similar
degrees of IR but impaired insulin secretion relative to the
degree of its IR. Jansen et al. showed that relationship
between HOMA-IR and AUC,c05c Was weak (¥ = 0.084,
P < 0.001). In contrast, there was a strong inverse curvi-
linear relationship between beta-cell function and
AUCyc0se (Iog[Alnszo o/ AGlusgol: * = 0.29, P < 0.001;
log[Alnsso.o/AGluso.o/HOMA-IR]: 7 = 0.45, P < 0.001)
[17]. Subjects with low A1C may already have much IR in
group with high risk for the development of diabetes (i.e., a
history of hyperglycemia (FPG > 5.5 mmol/ml)) because
the group with lowest quartile of A1C had many subjects
with abnormal glucose tolerance (IFG, IGT, or combined
IFG + IGT). Therefore, worsening degree of glucose
intolerance across the A1C spectrum was associated with
both IR and impaired beta-cell function, with reduction of
early-phage insulin secretion seeming to be more important
in determining AI1C in subjects with pre-diabetes. In
addition, Shin et al. [32] reported that f-cell dysfunction is

@ Springer

associated with subsequent development of type 2 diabetes
in Koreans, while general obesity and fasting insulin, sur-
rogates for IR, are not. Therefore, the major risk factor for
type 2 diabetes in Koreans, who have relatively lower BMI
compared with Western counterparts, appears to be
impaired insulin secretion rather than worsening IR in pre-
diabetic condition.

hsCRP is a sensitive systemic marker of inflammation
[33]. Several previous studies have reported that CRP is
associated with risk of type 2 diabetes [34—-37]. However,
few studies have examined the role of serum CRP level in the
development of type 2 diabetes among Korean subjects. This
study showed that in Korean with the relatively high risk for
the future development of diabetes, increasing hsCRP levels
were positively associated with the elevated A1C levels, and
this association was remained statistically significant, even
after adjustment with age, gender, BMI, and medication.
Although hsCRP levels are lower in the study subjects, our
findings suggested that inflammation may remain to be
involved in the pathogenesis in Korean with the relatively
high risk for the future development of diabetes.

Numerous studies have examined the ability of the MetS
to predict type 2 diabetes. The presence of the MetS
increases the risk [38, 39] and is highly predictive of new-
onset type 2 diabetes [40, 41]. The risk for incident type 2
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Table 3 Simple and partial

correlation analysis between AlC AlC
AIC and study variables r P r P
Waist circumference 0.12 0.009 0.12 0.008
SBP 0.09 0.043 0.08 0.059
DBP 0.05 0.247 0.05 0.235
Total cholesterol 0.12 0.050 0.02 0.747
Triglyceride® 0.06 0.208 0.05 0.318
No. number, SBP systolic blood HDL cholesterol 0.12 0.005 0.11 0.016
pressure, DBP diastolic blood LDL cholesterol —0.04 0.359 —0.06 0.184
pressure, LDL low density Microalbuminuria® 0.14 0.006 0.08 0.124
lipoproteinl, HDL-C high hsCRPP 0.19 <0.001 0.17 0.004
density lipoprotein, hsCRP b
high-sensitivity C-reactive No. of MetS components 0.14 0.003 0.12 0.010
protein, MetS metabolic FPG 0.17 <0.001 0.22 <0.001
syndrome,‘HOMA—IR 30-min plasma glucose 0.21 <0.001 0.23 <0.001
?Rome"“as‘s model assessment 5 1 in plasma glucose 0.06 0.385 0.01 0.903
Correlation coefficients (r) and AUCg'”C"Seb 0.17 <0.001 0.18 <0.001
p values were calculated using Fasting plasma insulin” 0.04 0.356 —0.03 0.537
the Pearson correlation model 30-min plasma insulin® —0.07 0.137 —0.12 0.012
* Adjusted for gender, age, HOMA-IR® 0.02 0.610 —0.02 0.628
BMI, and medications Alnsso.o/AGIuS0. o ~0.16 <0.001 —0.24 <0.001
* Logarithmic transformed data  A1ng, ) /AGIuso /HOMA-IR® ~0.19 <0.001 —0.21 <0.001

were used

Table 4 Multiple linear regression analysis to identify clinical vari-
ables associated with A1C as the dependent variable

Covariates Coefficients (f5) SE? P

Age (year) 0.006 0.002 0.003
hsCRP* 0.065 0.019 0.001
FPG 0.006 0.002 0.007
AII’IS30,0/AGIU30,0* —0.051 0.026 0.047

The following covariates were considered independent variables prior
to stepwise variable selection approach; age, gender, BMI, waist
circumference, systolic blood pressure, diastolic blood pressure, FPG,
lipid profile, hsCRP, HOMA-IR, Alns;p.o/AGluzg, antiplatelet
medication, antihypertensive agents, lipid lowering drugs, and family
history of type 2 diabetes

* Log-transformed used value was used
§ Standard error of the estimated parameter coefficent (beta)

diabetes is up to five times higher in individuals with the
MetS compared with those without the syndrome [42]. In
the current study, number of the components of the MetS
increased with increasing quartiles of A1C, and the dif-
ference reached statistical significance in the highest
quartile (A1C > 6.0 %). We also found that A1C levels in
subjects with MetS were significantly higher than that of
subjects without MetS. However, in this study, HOMA-IR
was not related to AI1C. Several reasons are considered.
First, The limitation of the validity of the HOMA-IR
should be carefully considered in subjects with a lower
BMI, a lower beta-cell function, and high fasting glucose

levels such as lean type 2 diabetes mellitus with insulin
secretory defects [43]. It should also be noted that almost
all study participants, including those comprising the NGT
group, had a history of hyperglycemia (FPG > 5.5 mmol/
ml) before recruitment. Thus, findings with NGT group or
lowest quartile group (A1C < 5.3 %) in this study may not
reflect a truly normal subject population (i.e., with normal
screening (FPG < 5.5 mmol/ml) and normal results on a
diagnostic OGTT). These groups may already have higher
IR than truly NGT groups.

Our study has several limitations that must be consid-
ered. First, the cross-sectional nature of this study did not
allow us to identify causal relationships. Second, The
classification of glucose tolerance status was based on
single OGTTs. Accordingly, it is likely that some indi-
viduals may have been misclassified because of normal
day-to-day variations in plasma glucose. In addition, the
intra-individual variation in serum insulin levels is large
[44], affecting the estimates of insulin secretion and action.
Small changes in the estimates would therefore be expected
if the same measurements were repeated on a separate day.
In the future, however, we would confirm the results of
current study in our longitudinal studies.

In conclusion, our study showed that subjects with a
AI1C value of 6.0 % or higher may be at high risk for the
development of diabetes, as a feature of the impaired early-
phase insulin secretion. Furthermore, A1C was signifi-
cantly and positively associated with the MetS and low
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grade inflammation. These results suggest that A1C might
be useful for early diagnosis of subjects with high risk for
the future development of diabetes, and for estimating the
risk stratification of patients with abnormal glucose
metabolism.
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