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Background: This study aimed to investigate whether stimulated C-peptide is associated with microvascular complications in
type 2 diabetes mellitus (DM).

Methods: A cross-sectional study was conducted in 192 type 2 diabetic patients. Plasma basal C-peptide and stimulated C-pep-
tide were measured before and 6 minutes after intravenous injection of 1 mg glucagon. The relationship between C-peptide and
microvascular complications was statistically analyzed.

Results: In patients with retinopathy, basal C-peptide was 1.9+1.2 ng/mL, and stimulated C-peptide was 2.7+ 1.6 ng/mL; values
were significantly lower compared with patients without retinopathy (P=0.031 and P=0.002, respectively). In patients with ne-
phropathy, basal C-peptide was 1.6+0.9 ng/mL, and stimulated C-peptide was 2.8+1.6 ng/mL; values were significantly lower
than those recorded in patients without nephropathy (P=0.020 and P=0.026, respectively). Stimulated C-peptide level was asso-
ciated with increased prevalence of microvascular complications. Age-, DM duration-, and hemoglobin Alc-adjusted odds ra-
tios for retinopathy in stimulated C-peptide value were 4.18 (95% confidence interval [CI], 1.40 to 12.51) and 3.35 (95% CI, 1.09
to 10.25), respectively. The multiple regression analysis between nephropathy and C-peptide showed that stimulated C-peptide
was statistically correlated with nephropathy (P=0.03).

Conclusion: In patients with type 2 diabetes, the glucagon stimulation test was a relatively simple method of short duration for
stimulating C-peptide response. Stimulated C-peptide values were associated with microvascular complications to a greater ex-
tent than basal C-peptides.

Keywords: Basal C-peptide; Diabetes mellitus, type 2; Glucagon stimulation test; Microvascular complications; Stimulated C-
peptide

INTRODUCTION

C-peptide and insulin are secreted in equimolar amounts from
the B-cells of the pancreas. A large amount of secreted insulin
is removed by the liver during passage; in contrast, only a mi-
nor portion of serum C-peptide is taken out of the circulation
by the liver [1,2]. Therefore, serum C-peptide more accurately

reflects the B-cell function of the pancreas than serum insulin.
Furthermore, C-peptide is also less affected in insulin-treated
patients and by the presence of insulin-binding antibodies.
Previously, C-peptide was regarded as a biologically inert
hormone. According to recent studies, however, C-peptide has
been considered an active peptide hormone with an important
physiologic function and an intracellular signaling function
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[3]. C-peptide may play a role in microvascular blood flow [4].
C-peptide also stimulates blood flow and glucose transport. A
low level of C-peptide is an indicator of the progression of dia-
betic angiopathies [5]. In addition, C-peptide decreases glo-
merular hyperfiltration and albuminuria in type 1 diabetes
mellitus (DM) [6].

In the Diabetes Control and Complications Trial (DCCT),
type 1 DM patients with C-peptide capacity showed a signifi-
cantly lower prevalence of microvascular complications than
patients totally lacking C-peptide secretion by B-cells [7]. In
another study, stimulated C-peptide level was found to be as-
sociated with a lower risk of microvascular complications in
type 1 DM [8].

Methods for stimulating C-peptide response include the
mixed-meal tolerance test (MMTT), glucagon stimulation test
(GST) and the arginine stimulation test (AST). The GST has
the advantage of a shorter duration (6 minutes), simple stan-
dardization and no side effects compared to mixed meals and
other stimuli [9]. The C-peptide response to glucagon stimula-
tion reflects 3-cell function. Moreover, the assessment of stim-
ulated C-peptide levels is recommended rather than that of
basal C-peptide levels, due to a lower degree of variation in the
former [10].

The purpose of this study was to examine whether stimulat-
ed C-peptide levels using GST were significantly associated with
microvascular complications in type 2 DM patients.

METHODS

Participants

A cross-sectional study was conducted in diabetic inpatients
of Konyang University Hospital from January 2008 to Decem-
ber 2009. We recruited 192 patients with type 2 DM aged 45
years or order. All agreed to participate and gave oral and writ-
ten consent. The Institutional Review Board of the Clinical
Research Center in Konyang University Hospital approved the
study protocol. Type 2 DM was diagnosed using the American
Diabetes Association criteria as follows: Hemoglobin Alc
(HbAlc) 26.5% using an National Glycohemoglobin Stan-
darization Program (NGSP) certified method; plasma glucose
>126 mg/dL (7 mmol/L) after an overnight fast; a positive val-
ue should be confirmed with a repeat test; symptoms of diabe-
tes (polyuria, polydipsia, fatigue, weight loss) and a random
plasma glucose level of >200 mg/dL (11.1 mmol/L); and oral
glucose tolerance test that showed a plasma glucose level of
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>200 mg/dL (11.1 mmol/L) at 2 hours after ingestion of 75 g
of glucose. We included only those patients who were over 30
years of age at diagnosis. Patients with acute inflammation, in-
fection (pneumonia, urinary tract infection and DM foot),
hepatitis, malignancy, or type 1 DM were excluded. We also
excluded patients who required exogenous insulin and thia-
zolidinedione treatment, as well as those with renal impair-
ment (glomerular filtration rate [GFR] <60 mL/min/1.73 m?)
or plasma basal glucose levels >250 mg/dL, because these fac-
tors can affect C-peptide levels. Participants were evaluated for
their baseline clinical and laboratory profiles. We assessed sys-
tolic and diastolic blood pressures (BP), fasting blood glucose
levels, HbA1c, lipid panel, uric acid, homocystein, apolipopro-
tein (Apo A and B), and laboratory data.

Methods
The duration of diabetes was determined based upon when
the patient was first diagnosed with the disorder. Body mass
index (BMI) was calculated by dividing weight in kilograms
by height in meters squared (kg/m?). We evaluated C-peptide
levels in the fasting state because serum glucose levels and the
ingestion of drugs known as sulfonylureas (that boost the body’s
production of insulin) can affect serum C-peptide levels. After
an 8-hour fast, venous blood was collected for laboratory anal-
ysis. The fasting blood glucose level was determined by a rou-
tine hexokinase method. HbAlc and C-peptide levels, lipid
panel, uric acid, homocystein, and Apo A and B were estimat-
ed. Uric acid, total cholesterol, triglycerides, and low density
lipoprotein cholesterol (LDL-C) were measured by enzymatic
methods, while high density lipoprotein cholesterol (HDL-C)
was assessed via a selective inhibition assay. HbAlc was deter-
mined by high-performance liquid chromatography using an
automatic glycohemoglobin analyzer (Tosoh HLC-723 7; Tosoh
Co., Tokyo, Japan). Plasma C-peptide was analyzed by radio-
immunoassay. The intra- and inter-assay coeflicients of varia-
tions were 4% and 6%, respectively. Systolic and diastolic BPs
were measured after the patient had been seated for at least 10
minutes. The homeostasis model assessment of insulin resis-
tance (HOMA-IR) and of B-cell function (HOMA-B) was cal-
culated using the HOMA calculator version 2.2.2 by using the
homeostasis model assessment (HOMA?2) as a percentage of
the values in a normal reference population.

The GST was performed after an overnight fast. Plasma C-
peptide levels were measured before and 6 minutes after intra-
venous injection of 1 mg of glucagon (basal and stimulated C-
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peptide, respectively).

Diagnosis of diabetic retinopathy was performed through
fundoscopic examination by one ophthalmologist experienced
in diabetic retinopathy. We included both patients with non-
proliferative diabetic retinopathy and those with proliferative
diabetic retinopathy. Retinopathy was defined by the presence
of dot and blot hemorrhages, hard exudates, cotton wool
spots, laser scars, and a history of vitrectomy as described by
the European protocol for diabetic retinopathy. Proliferative
retinopathy was classified as the presence of new vessels, which
were subsequently confirmed by fluorescein angiography. Uri-
nary albumin excretion was estimated using 24-hour urine
collection. Diabetic nephropathy was defined as urinary albu-
min excretion =30 mg/day (microalbuminuria [30 to 300 mg/
day] and macroalbuminuria [>300 mg/day]) in the absence of
other reasons for albuminuria. Patients with GFR <60 mL/min/
1.73 m* were excluded. GFR was estimated using the Modifi-
cation of Diet in Renal Disease (MDRD) study equation. Dia-
betic neuropathy was diagnosed on the basis of abnormal
nerve conduction velocity. Furthermore, we included symp-
toms (decreased sensation, numbness, prickling, and burning)
and any positive findings on neurologic examination by the
Michigan Diabetic Neuropathy Score in our data.

We created four C-peptide groups that were defined by the
relationship between basal C-peptide and AC-peptide values.
AC-peptide was defined as the difference between basal and
stimulated C-peptides. Because C-peptide is a continuous
variable, we used the mean value of C-peptide measurements
(basal C-peptide, AC-peptide). The mean basal serum C-pep-
tide value was 1.9 ng/mL. Patients with basal C-peptide values
of less than 1.9 ng/mL were classified into group 1 or 2; patients
with basal C-peptide values of 1.9 ng/mL or more were placed
into group 3 or 4.

The mean value of AC was 1.1 ng/mL. Patients with AC-
peptide values of less than 1.1 ng/mL were classified into ei-
ther group 1 or 3. Patients with C values of 1.1 ng/mL or more
were put into group 2 or 4. Thus, the four groups were defined
as follows : Group 1 (basal C-peptide <1.9 ng/mL, AC-peptide
<1.1 ng/mL), Group 2 (basal C-peptide <1.9 ng/mL, AC-
peptide >1.1 ng/mL), Group 3 (basal C-peptide >1.9 ng/mL,
AC-peptide <1.1 ng/mL), and Group 4 (basal C-peptide >1.9
ng/mL, AC-peptide >1.1 ng/mL).

First, we investigate the association of C-peptide groups with
the presence microvascular complications. Secondly, we eval-
uated the association of stimulated C-peptide levels with mi-
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crovascular complications in type 2 DM.

Statistical analysis

All analyses were performed using the SPSS version 18.0 (SPSS
Inc., Chicago, IL, USA). Characteristics of C-peptide groups
and the relationship between C-peptide groups and microvas-
cular complications were assessed using a one-way analysis of
variance (ANOVA) method. Diabetic microvascular compli-
cations caused by C-peptides (basal and stimulated C-peptides)
were analyzed by independent ¢-tests. Data are presented as
meantstandard deviation or percentage, and a P value of less
than 0.05 was considered statistically significant.

Multiple logistic regression analyses were used to estimate
the odds ratios (ORs) for microvascular complications after
adjusting for other clinical and biochemical variables such as
age, DM duration, and degree of glycemic control (HbAlc).
The relationship between nephropathy and C-peptides (basal
and stimulated C-peptides) was analyzed by multiple regres-
sion analysis. Furthermore, a P value of less than 0.05 was con-
sidered statistically significant.

RESULTS

Clinical characteristics of the patients in four groups

The clinical characteristics of the patients in the four groups
are shown in Table 1. We included 192 patients in the study
(98 males [51.0%], 94 females [48.9%]), who were divided into
four groups according to the mean value of C-peptide mea-
surements. BMI, HbAlc, total cholesterol, LDL-C, triglycer-
ides, uric acid, Apo B, HOMA-IR and HOMA- levels were
found to be positively associated with the C-peptide groups
(Table 1). No differences between groups were found for sys-
tolic BP, diastolic BP, fasting blood glucose, or GFR. BMI was
significantly higher in Group 4 (high basal C-peptide, high
AC-peptide) than in Group 1 (low basal C-peptide, low AC-
peptide) (P<0.01). HbAlc was significantly lower in Group 4
(high basal C-peptide, high AC-peptide) than in Group 1 (low
basal C-peptide, low AC-peptide) (P<0.01). Total cholesterol,
LDL-C and triglyceride were significantly higher in Group 4
than in Group 1 (P=0.01, P=0.02, and P<0.01, respectively);
uric acid and Apo B levels were also significantly different be-
tween these groups (P=0.04 and P=0.03, respectively). Our
results showed that Group 4 experienced increased metabolic
components and insulin resistance than Group 1. As insulin
resistance increased, the B-cell function compensated; Group
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Table 1. Characteristics of the clinic-based cohort of 192 participants with type 2 diabetes by C-peptide group

C-peptide group

Characteristic Pvalue
1 2 3 4

No. (%) 57 (29.6) 40 (20.8) 41 (21.4) 54(28.1)

Age, yr 59.4+8.3 58.9+9.3 61.3+9.5 58.5+8.3 0.47
DM duration, yr 9.0+7.7 10.2+9.4 8.6+7.8 7.1+6.4 0.30
BMI, kg/m’ 23.6+3.5 23.6+ 2.7 25.7+3.8 26.7+4.7 <0.01
SBP, mm Hg 121.9£13.0 122.5+16.3 121.4+16.8 122.2+13.1 0.99
DBP, mm Hg 74.4+8.3 75.619.6 74.3+10.0 75.2+9.3 0.90
FBG, mg/dL 140.2+54.0 147.4£58.1 139.7£57.5 162.9+61.3 0.14
HbAlc, % 10.0+£2.7 9.9+2.9 8.6x1.9 8.5x1.7 <0.01
TC, mg/dL 162.4+44.2 185.1£47.0 187.3£49.4 190.3+53.9 0.01
HDL-C, mg/L 42.2+13.5 44.9+10.3 42.1+114 42.3+14.2 0.69
LDL-C, mg/dL 102.5+32.7 119.8+£34.1 118.1+£36.7 120.9+37.2 0.02
Triglyceride, mg/dL 134.0+61.4 158.8£79.9 225.6+£178.4 237.5£213.1 <0.01
Homocystein, pmol/L 11.4+4.5 10.4+3.2 13.3+5.4 17.8£8.5 0.06
GFR, mL/min/1.73 m* 70.5+£23.6 74.6+£16.2 62.4+£23.7 71.0£21.8 0.08
Uric acid, mg/dL 4.0x1.3 42%1.2 54+19 53£5.2 0.04
Apo A, mg/dL 126.1£31.0 132.4+23.7 129.4+29.3 126.2+33.7 0.72
Apo B, mg/dL 82.5+22.8 92.9+25.1 93.7+30.5 98.6+34.6 0.03
HOMA- IR 1.06+0.43 1.19+0.36 2.70+0.96 2.77+1.01 <0.01
HOMA-B, % 50.7+37.9 51.8+46.3 87.3+45.9 78.6£61.1 0.02

Values are presented as mean +standard deviation or number (%). The four groups were defined as follows: Group 1 (basal C-peptide <1.9 ng/
mL, AC-peptide <1.1 ng/mL), Group 2 (basal C-peptide <1.9 ng/mL, AC-peptide >1.1 ng/mL), Group 3 (basal C-peptide >1.9 ng/mL, AC-
peptide <1.1 ng/mL), and Group 4 (basal C-peptide >1.9 ng/mL, AC-peptide >1.1 ng/mL).

DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HbAlc,
hemoglobin Alc; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; GFR, glomer-
ular filtration rate; Apo, apolipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-f, homeostasis model assess-

ment of 3-cell function.

Table 2. Diabetic microvascular complications by C-peptide
group

Diabetic micro-

C-peptide group

vascular com- Pvalue
plication 1 - ¢

Retinopathy ~ 15(26.3) 9(225) 8(19.5) 5(9.3)  0.14
NPDR/PDR 1/4 8/1 7/1 5/0

Nephropathy ~ 20(35.1) 13(32.5) 14(34.1) 11(204) 032
Micro/Overt  12/8 11/2 8/6 714

Neuropathy 30(52.6) 24(60) 20(48.8) 29(53.7) 0.79

Values are presented as number (%). The four groups were defined as
follows: Group 1 (basal C-peptide <1.9 ng/mL, AC-peptide <1.1 ng/
mL), Group 2 (basal C-peptide <1.9 ng/mL, AC-peptide >1.1 ng/mL),
Group 3 (basal C-peptide >1.9 ng/mL, AC-peptide <1.1 ng/mL), and
Group 4 (basal C-peptide >1.9 ng/mL, AC-peptide >1.1 ng/mL).
NPDR/PDR, non-proliferative/proliferative retinopathy; Micro/Overt,
micro albuminuria/overt albuminuria.
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4, which had higher B-cell function, showed better controlled
blood glucose levels (HbA1c).

Association between C-peptide levels according to patient
grouping and microvascular complications

We investigated that the association between C-peptide levels
according to patient grouping and microvascular complica-
tions (Table 2). Diabetic retinopathy was diagnosed in 26.3%
of patients in Group 1, 22.5% in Group 2, 19.5% in Group 3,
and 9.3% in Group 4. Diabetic retinopathy showed a higher
prevalence in Group 1, but this difference was not statistically
significant (P=0.14). The prevalence of diabetic nephropathy
was higher in Group 1 than in Group 4, but this difference was
not statistically significant, either (P=0.39). The incidence of
diabetic neuropathy did not differ significantly between groups
(P=0.79). Therefore, we concluded that there was no statisti-
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Table 3. Diabetic microvascular complications by basal and stimulated C-peptide

Retinopathy Nephropathy Neuropathy
+ - Pvalue + - Pvalue + Pvalue
Basal C-peptide, ng/mL 19+12 24%13 0.03 1.6£09 22+1.2 0.02 2.1+12  24+£15 0.12
Stimulated C-peptide, ng/mL 2716 3719 <0.01 28+1.6 3.5%1.8 0.03 33+1.8 3.8%£2.0 0.04

cally significant association between microvascular complica-
tions and C-peptide groups (basal C-peptide, AC-peptide),
which was likely because of the small-sized groups involved in
our study.

Association between basal and stimulated C-peptide levels
and microvascular complications

The association between basal and stimulated C-peptide levels
and microvascular complications in our patient groups was
evaluated (Table 3). In patients with diabetic retinopathy, the
basal C-peptide level was 1.9+1.2 ng/mL and the stimulated
C-peptide level was 2.7+ 1.6 ng/mL. The basal and stimulated
C-peptide levels were significantly lower in patients with reti-
nopathy than they were in those without diabetic retinopathy
(basal C-peptide: 1.9+ 1.2 ng/mL vs. 2.7+1.6 ng/mL, P=0.031;
stimulated C-peptide: 2.7+1.6 ng/mL vs. 3.7+1.9 ng/mL, P=
0.002, respectively). In patients with diabetic nephropathy, the
basal C-peptide level was 1.6+0.9 ng/mL and the stimulated
C-peptide level was 2.8+ 1.6 ng/mL. These values were signifi-
cantly lower than those in patients without diabetic nephropa-
thy (basal C-peptide: 1.6+0.9 ng/mL vs. 2.2+1.2 ng/mL, P=
0.020; stimulated C-peptide: 2.8+ 1.6 ng/mL vs. 3.5+1.8 ng/mL,
P=0.026, respectively). The basal C-peptide level in patients
with diabetic neuropathy was lower than that in patients with-
out diabetic neuropathy, but this difference was not statistical-
ly significant (2.1+1.2 ng/mL vs. 2.4+ 1.5 ng/mL, P=0.12). The
stimulated C-peptide level was 3.3+1.8 ng/mL in patients with
diabetic neuropathy, which was significantly lower than that
recorded in patients without diabetic neuropathy (3.3+1.8 ng/
mLvs. 3.842.0 ng/mL, P=0.044).

Multiple DM risk factors and adjusted ORs for
microvascular complications in stimulated and basal
C-peptide levels

To evaluate the influence of other clinical factors associated
with DM complications, multiple logistic regression analyses
were performed. We calculated the DM complication risk fac-
tors-adjusted OR and the 95% confidence intervals (95% CI)
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Table 4. Multiple risk factors-adjusted ORs and 95% Cls in the
relationship between retinopathy and basal C-peptide level

OR (95% CI) Pvalue

Age, yr

Group A (41-59) 1.55 (0.42-5.65) 0.51

Group B (59-76) 1.81 (0.51-6.39) 0.36
DM duration, yr

Group A (40-7) 4.76 (1.98-11.42) <0.01

Group B (7-0) 1.72 (0.32-9.31) 0.53
Basal C-peptide, ng/mL

Group A (1.0) 2.09 (0.80-5.53) 0.13

Group B (1.0-2.0) 1.60 (0.38-2.97) 0.91
HbAlc, %

Group A (4.9-8.3) 1.02 (0.27-3.84) 0.98

Group B (8.3-10.0) 1.65 (0.45-6.09) 0.46

Group C (10.0-19.1) 1.88 (0.46-7.66) 0.38

Groups A, B, and C are composed of serial data (192 patients).
OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; HbAlc,
hemoglobin Alc.

for the association of microvascular complications with basal
and stimulated C-peptide levels (Tables 4-7). Age, DM dura-
tion, and HbA Ic results were included in the risk factors. Mul-
tiple logistic regression analyses of the correlation between
stimulated C-peptide and retinopathy prevalence showed that
DM duration and stimulated C-peptide were correlated with
retinopathy prevalence, which was statistically significant
(4.42 [95% CI 1.83 to 10.69]), P<0.01; 1.225, P<0.01; 4.18, P<
0.01; 3.35, P=0.04, respectively). In neuropathy, however, bas-
al and stimulated C-peptide levels did not have statistically
significant correlations with neuropathy prevalence when it
was adjusted for multiple risk factors (Table 7). The basal C-
peptide-adjusted OR was not statistically significant in reti-
nopathy and neuropathy (Tables 4, 6). We investigated the cor-
relation between nephropathy and DM complication risk fac-
tors (such as age, DM duration, stimulated C-peptide, HbAlc,
systolic BP, and fasting blood sugar) (Table 8). Multiple regres-
sion analysis showed that stimulated C-peptide was correlated
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Table 5. Multiple risk factors-adjusted ORs and 95% Cls in the
relationship between retinopathy and stimulated C-peptide
level

Table 7. Multiple risk factors-adjusted ORs and 95% Cls in the
relationship between neuropathy and stimulated C-peptide
level

OR (95% CI) Pvalue OR (95% CI) Pvalue

Age, yr Age, yr

Group A (41-59) 1.28 (0.35-4.70) 0.71 Group A(41-59) 1.94 (0.74-5.14) 0.18

Group B (59-76) 1.33 (0.37-4.71) 0.66 Group B (59-76) 1.56 (0.60-4.04) 0.36
DM duration, yr DM duration, yr

Group A (40-7) 4.42 (1.83-10.69) <0.01 Group A (40-7) 1.73 (0.77-3.85) 0.18

Group B (7-0) 1.23(0.23-6.57) 0.81 Group B (7-0) 0.72 (0.17-3.06) 0.66
Stimulated C-peptide, ng/mL Basal C-peptide, ng/mL

Group A (1.0) 4.18 (1.40-12.51) 0.01 Group A (1.0) 1.26 (0.50-3.20) 0.62

Group B (1.0-2.0) 3.35(1.09-10.25) 0.04 Group B (1.0-2.0) 0.97 (0.48-1.97) 0.94
Groups A and B are composed of serial data. HbAlc, %
OR, odds ratio; CI, confidence interval; DM, diabetes mellitus. Group A (4.9-8.3) 1.71 (0.65-4.51) 0.28

Group B (8.3-10.0) 1.58 (0.58-4.31) 0.37

Table 6. Multiple risk factors-adjusted ORs and 95% Cls in the Group C (10.0-19.1) 0.96 (0.30-3.04) 0.94

relationship between neuropathy and basal C-peptide level

Groups A and B are composed of serial data.

OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; HbAlc,

hemoglobin Alc.

Table 8. Correlation between nephropathy and multiple fac-

OR (95% CI) Pvalue

Age, yr

Group A (41-59) 2.08 (0.78-0.53) 0.15

Group B (59-76) 1.63 (0.63-4.24) 0.31
DM duration, yr

Group A (40-7) 1.72 (0.78-3.83) 0.18

Group B (7-0) 0.80 (0.19-3.43) 0.76
Basal C-peptide, ng/mL

Group A (1.0) 1.25 (0.60-2.65) 0.56

Group B (1.0-2.0) 0.73 (0.35-1.55) 0.42
HbAlc, %

Group A (4.9-8.3) 1.77 (0.67-4.71) 0.25

Group B (8.3-10.0) 1.62 (0.60-4.38) 0.35

Group C (10.0-19.1) 0.10 (0.32-3.06) 0.10

Groups A and B are composed of serial data.
OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; HbAlc,
hemoglobin Alc.

with nephropathy prevalence, which was statistically signifi-
cant (stimulated C-peptide: -2.17, P=0.03) (Table 6).

DISCUSSION

Type 2 DM is characterized by insulin resistance and decreased
insulin secretion [11]. Type 2 DM is a progressive disease that
is affected by a multi-factorial physiology. In this disorder the
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tors
Y Pvalue

Stimulated C-peptide, ng/dL -2.10 0.03
Age, yr 0.68 0.47
DM duration, yr -0.29 0.75
HbAlc, % -0.64 0.54
SBP, mm Hg 0.15 0.09
FBS, mg/dL 0.11 0.30

DM, diabetes mellitus; HbAlc, hemoglobin Alc; SBP, systolic blood
pressure; FBS, fasting blood sugar.

natural history of B-cell functions has not been clearly identi-
fied. Therefore, it is necessary to evaluate the degree to which
insulin secretion affects diabetic complications and the clinical
course of type 2 DM.

In this cross-sectional study, we evaluated how -cell func-
tions are associated with clinical manifestations and microvas-
cular complications in patients with type 2 DM. We found that
basal C-peptide and secreted C-peptide (AC-peptide) levels
were associated with clinical characteristics and microvascular
complications. HbA1lc was significantly higher in Group 1 (low
basal C-peptide, low AC-peptide) than in Group 4 (high basal
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C-peptide, high AC-peptide). However, HOMA-IR and
HOMA-B scores were significantly higher in Group 4 than in
Groupl. We can speculate that poor B-cell function is likely
related to uncontrolled blood glucose. BMI was significantly
higher in Group 4 (high basal C-peptide, high AC-peptide)
than in Group 1 (low basal C-peptide, low AC-peptide). BMI,
total cholesterol, LDL-C, triglycerides, uric acid, and Apo B
were significantly higher in Group 4 than in Group 1.

The correlation between C-peptide levels and components
of the metabolic syndrome is well known [12]. We found that
C-peptide levels was associated with dyslipidemia and BMI.
When basal C-peptide and secreted C-peptide (AC-peptide)
level were high, there was an increased likelihood of progres-
sion to metabolic syndrome. Kim et al. [13] showed that basal
C-peptide level increased significantly in metabolic syndrome
patients with diabetes. Therefore, people with a high basal C-
peptide level need to decrease it to reduce the risk of coronary
heart disease and cerebral vascular disease associated with
metabolic syndrome.

The prevalence of diabetic microvascular complications was
not significantly different between the groups (basal C-peptide,
AC-peptide) in this study. The prevalence of diabetic retinopa-
thy was higher in Group 1 than in Group 4. This finding sug-
gests that the higher AC-peptide group had a lower prevalence
of retinopathy. Kim et al. [13] conducted a larger study than
ours, and they reported that AC-peptide is more closely asso-
ciated with microvascular complications than are fasting C-
peptide levels. In their study the prevalence of diabetic reti-
nopathy and nephropathy was higher in Group 1 than in
Group 4. This finding suggests that low basal and secreted C-
peptide (AC-peptide) levels are associated with a high preva-
lence of diabetic retinopathy and nephropathy. In this study,
however, this observation was not statistically significant. This
study had a relatively small number of patients with chronic
complications. With a larger sample size, we might have ob-
served a significant association between microvascular compli-
cations and C-peptide groups (basal C-peptide, AC-peptide),
and we could have been able to better clarify the correlation
between [-cell function and microvascular complications.

C-peptide and insulin are secreted in equimolar amounts
from the 3-cells of the pancreas. Secreted insulin passes through
the liver into the bloodstream, where about 50% of the insulin
is extracted. C-peptide and insulin have different hepatic
clearances. Therefore, serum insulin concentration is indica-
tive of post-hepatic insulin levels rather than the value of se-
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creted insulin [8]. Accurate estimation of 3-cell function in in-
sulin-treated patients is not possible, as measured insulin level
cannot be separated into secreted and exogenous insulin lev-
els. As C-peptide has a longer half-life than insulin, C-peptide
more accurately reflects 3-cell function than serum insulin in
insulin-treated patients, and C-peptide levels are less affected
by the presence of insulin-binding antibodies.

Stimulated C-peptide reactivity is correlated with B-cell
function in patients with type 2 DM [14,15]. Furthermore, the
lower degree of variation in the stimulated C-peptide level
makes it more preferable than the fasting C-peptide level. Three
methods for stimulating C-peptide response have been used
in clinical trials. The first method is MMTT, in which a liquid
meal is ingested in the fasting state, and C-peptide level is
measured over the subsequent 2 to 4 hours. The second meth-
od is GST, in which glucagon is injected intravenously and C-
peptide level is measured over the following 6 minutes [10]. In
patients with type 2 DM, GST is relatively simple to perform
and has a shorter duration than other tests. Adverse effect as-
sociated with GST include mild nausea and rarely, vomiting.
The third method is the AST, which has a short duration, but
its reproducibility has not been assessed. Jones et al. [16] re-
ported that the urine C-peptide creatinine ratio was positively
correlated with serum C-peptide and may provide a practical
alternative measure. Although they are positively correlated, it
is likely that the urine C-peptide creatinine ratio will be less
reproducible after individuals consume their own meals at
home than are measurements taken after a fixed stimulus. Kim
etal. [13] studied these levels using the MMTT. However, GST
is more convenient and cost-effective than MMTT and there-
fore has been regarded as the most suitable test [17]. Therefore,
we used GST to obtain stimulated C-peptide levels in this study.
This method was the biggest difference between the two studies.

Many studies have evaluated the association between C-
peptide level and diabetic complications in patients with type
2 DM. In the DCCT trial, type 1 diabetic patients with C-pep-
tide secretory capacities showed a significant prevalence of
microvascular complications than did patients who were defi-
cient in B-cell C-peptide secretion [7]. Low C-peptide levels
were associated with the progression of diabetic microangiop-
athy, such as retinopathy and nephropathy [18]. Shin et al. [19]
showed that a lower C-peptide response to oral glucose stimuli
was associated with albuminuria. In addition, C-peptide has
been shown to be associated with autonomic nerve function
in type 2 DM [20]. In another study, low C-peptide immuno-
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reactivity was revealed to be associated with diabetic microan-
giopathy [21]. Recently, Kim et al. [13] found that AC-peptide
was more closely associated with microvascular complications
than was the fasting C-peptide level. In this previous study,
stimulated C-peptide was used as an alternative marker of
B-cell function, and the association of stimulated C-peptide
with microvascular complications was investigated.

However, no association was found between C-peptide level
and neuropathy, nephropathy or retinopathy [5]. Klein et al.
[22] could not identify any relationship between C-peptide
level and retinopathy prevalence, either; however, the serum
glucose level was associated with retinopathy. Another study
showed no relationship between C-peptide and microangiop-
athy [23].

In this study, we found that the basal C-peptide level was
significantly associated with diabetic retinopathy and nephrop-
athy, but not with neuropathy. The stimulated C-peptide level
was associated with all three types of microvascular complica-
tions. To adjust for the confounding factor, we performed mul-
tiple regression analyses. In retinopathy, DM duration and the
stimulated C-peptide level did result in significant attenuation
of the relationships. Furthermore, the stimulated C-peptide
had statistical significance in the multiple regression analysis
with nephropathy and DM complication risk factors. However
upon sub-analysis we did not obtain a statistically significant
result with neuropathy and multiple DM complication risk
factors such as age, DM duration and HbA1c. C-peptide has a
dose-dependent effect on Na*/K*-adenosine triphosphatase
activity, endothelial nitrous oxide synthase and endoneurial
blood flow [24,25]. Therefore, it seems that diabetic neuropa-
thy was more affected by stimulated C-peptide than by basal
C-peptide. If the present study had included a larger sample
size, we might have observed a significant association between
nephropathy and the stimulated C-peptide level. We showed
that a reduction in f-cell function was associated with retinop-
athy and neuropathy. The purpose of our study was to prove
that stimulated C-peptide response to glucagon can be used to
assess the 3-cell function of the pancreas and predict the prev-
alence of diabetic microvascular complications. This ability is
essential for prevention because early evaluation and therapeu-
tic interventions may help preserve B-cell function in affected
patients and could slow the progression of diabetic microvas-
cular complications.

Our study had some limitations. The number of participants
was too small to accurately validate the association between

386

stimulated C-peptide levels and microvascular complications.
We also used a cross-sectional study design, which is not suit-
able for assessing the temporal sequence of the assessed out-
come. The stimulated C-peptide response to glucagon has also
been shown to be affected by age, glucose level and weight.
Furthermore, we excluded patients with GFR <60 mL/min/
1.73 m?, who were associated with diabetic nephropathy. We
also excluded patients who required exogenous insulin and
thiazolidinedione treatment, but we included sulfonylurea us-
ers in our data. However, if the GST were performed after an
overnight fast, the effect of sulfonylurea would be minimized.
We did not evaluate the association of stimulated C-peptide
with the severity of diabetic microvascular complications. We
created four groups based upon the mean value of basal C-
peptide and AC-peptide because C-peptide is a continuous
variable.

In conclusion, in patients with type 2 DM, GST was a rela-
tively simple method with a short duration and few side effects.
The stimulated C-peptide values obtained through GST were
associated with microvascular complications to a greater ex-
tent than the basal C-peptide level in patients with type 2 DM.
Prospective and larger studies will be needed to clarify the as-
sociation between stimulated C-peptide levels and microvas-
cular complications, which may be used to reduce the preva-
lence of microvascular complications in patients with type 2
DM.
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