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ABSTRACT

Aim: Glucagon secretion is suppressed by glucagon-like peptide 1 (GLP-1) but stimulated by glucose-
dependent insulinotropic polypeptide (GIP), both of which are incretins. Unlike healthy individuals,
diabetes patients show an inappropriate postprandial response in terms of failure to achieve suppression
of glucagon secretion. However, the underlying mechanism is still not clearly understood. Therefore,
we aimed to investigate the changes in glucagon levels in diabetes people after the ingestion of a
standard mixed meal and the correlations of variation in glucagon levels with GLP-1, GIP, and various

clinico-biochemical characteristics.

Methods: Glucose, C-peptide, glucagon, intact GLP-1 (iGLP-1), and intact GIP (iGIP) were measured
in blood samples collected from 317 diabetes patients at two time points: before and 30 minutes after
the ingestion of a standard mixed meal (480 kcal, 60% carbohydrate, 20% protein, and 20% fat) in the
fasting state. The difference between the 30-min postprandial value and the basal value was expressed

as A (30-min minus basal).

Results: At 30 minutes after meal ingestion, the glucagon level showed no difference relative to the
basal value, whereas glucose, C-peptide, iGLP-1, and iGIP levels showed a significant increase. In
univariate analysis, Aglucagon showed not only a strong correlation with hemoglobin Alc (HbAlc;
r=0.389) but also a significant correlation with fasting glucose (#=0.198), Aglucose (=-0.269), and
estimated glomerular filtration rate (r=-0.140). However, Aglucagon showed no significant correlations
with AiGLP-1 and AiGIP. In the hierarchical multiple regression analysis for excluding the confounding
effects of various factors, HbAlc (5=0.327, p<0.001) was the only variable that continued to show the

most significant correlation with Aglucagon.

Conclusions: Diabetes people showed no suppression of glucagon secretion after the ingestion of a
mixed meal. The margin of increase in the glucagon level showed a significant positive correlation with
HbA1c but no correlation with changes in iGLP-1 and GIP levels. In other words, diabetes people with
poorer glycemic control may show greater increase in postprandial glucagon level, and this does not

appear to be mediated by incretin.

Keywords: Diabetes mellitus, Glucagon, Glucagon-like peptide 1, Glucose-dependent insulinotropic

polypeptide
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sl

BE FAE He o+ B B 9EEE wU)EY A 308y ¥E X&d, C-
petide, iGLP-1, iGIP®} =F7F %59 *}o]i= Wilcoxon signed-rank test= 7173} 31T
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Table 1. Clinical and laboratory characteristics of the study subjects.

Variables Value
n 317
Age, years 59.6 + 11.5
Gender, male, n (%) 205 (64.6)
Body mass index, kg/cm? 25.8 + 3.7
Waist circumference, cm 90.9+9.0
Systolic BP, mmHg 138.1+17.8
Diastolic BP, mmHg 81.9+10.6
DM duration, years 9.9+83
HbAlc, % 89+22
Glucose, mg/dL 168.1 £ 66.5
C-peptide, ng/mL 21+15
ALT, U/L 32.2+26.4
Creatinine, mg/dL 1.1+£07
eGFR, mL/min 67.3+17.3
Antidiabetic regimen
Sulfonylurea, n (%) 169 (53.3)
Metformin, n (%) 221 (69.7)
Thiazolidinedione, n (%) 18 (5.6)
a-Glucosidase inhibitor, n (%) 18 (5.6)
Insulin, n (%) 100 (31.5)

Data are expressed as mean + standard deviation or frequencies (%).
BP, blood pressure; DM, diabetes mellitus; iGLP-1, intact glucagon-like peptide 1; iGIP, intact glucose-
dependent insulinotropic polypeptide; ALT, alanine aminotransferase; eGFR, estimation of the

glomerular filtration rate.

13



Table 2. Blood levels of glucose, C-peptide, glucagon and intact incretin before and 30 min after

ingestion of a standard mixed meal (n = 317).

Variables Fasting levels 30-min Postmeal levels p
Glucose, mg/dL 168.1 + 66.5 257.8+71.2 <0.001
C-peptide, ng/mL 21+15 3220 <0.001
Glucagon, pg/mL 84.6 +37.3 84.7+48.2 0.909
iGLP-1, pmol/L 57+37 11.5+9.3 <0.001
iGIP, pmol/L 3.9+38 21.8+6.8 <0.001

Data are expressed as mean = standard deviation.
p values are calculated using Wilcoxon signed-rank test.

iGLP-1, intact glucagon-like peptide 1; iGIP, intact glucose-dependent insulinotropic polypeptide.

14
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Fig. 2. Changes in glucagon levels after ingestion of a standard mixed meal. p values are calculated

using the Wilcoxon signed-rank test.
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Fig. 3. Correlation between Aglucagon and HbAlc levels. HbAlc levels were logarithmically
transformed. Correlation coefficients and p values are calculated using the Pearson’s correlation

analysis. 7, correlation coefficient.
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correlation analysis. 7, correlation coefficient.
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Fig. 6. Correlation between Aglucagon and eGFR levels. eGFR levels were logarithmically transformed.
Correlation coefficients and p values are calculated using the Pearson’s correlation analysis. eGFR,

estimation of the glomerular filtration rate; r, correlation coefficient.
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Table 3. Correlational analysis of the relationships between Aglucagon levels and clinical and laboratory

variables (n = 317).

AGlucagon, pg/mL

Variables
r p

Age 0.005 0.925
Body mass index, kg/cm? 0.031 0.583
Waist circumference, cm 0.099 0.084
Systolic BP, mmHg -0.042 0.456
Diastolic BP, mmHg -0.039 0.485
Log (DM duration, years) 0.010 0.861
Log (HbA1c, %) 0.389 <0.001
Log (Fasting glucose, mg/dL) 0.198 <0.001
Log (Fasting C-peptide, ng/mL) -0.052 0.360
AGlucose, mg/dL -0.269 <0.001
AC-peptide, ng/mL -0.036 0.531
Log (AiGLP-1, pmol/L) 0.09 0.118
Log (AiGIP, pmol/L) -0.009 0.869
Log (ALT, U/L) 0.025 0.667
Log (Creatinine, mg/dL) 0.053 0.351
Log (eGFR, mL/min) -0.140 0.013

DM duration, HbA l¢, fasting glucose and C-peptide, AiGLP-1, AiGIP, ALT, Creatinine and eGFR were
logarithmically transformed.

r and p values are calculated using the Pearson correlation analysis.

r, correlation coefficient; BP, blood pressure; DM, diabetes mellitus; iGLP-1, intact glucagon-like
peptide 1; iGIP, intact glucose-dependent insulinotropic polypeptide; ALT, alanine aminotransferase;

eGFR, estimation of the glomerular filtration rate.
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Table 5. Hierarchical multiple regression analyses predicting Aglucagon levels.

Model 1 Model 2 Model 3
Variables
B p p p B p

Age, years -0.028 0.622 -0.056 0.319 -0.049 0.391
Gender, female 0.125 0.019 0.105 0.050 0.109 0.041
Log (HbAlc, %) 0.359 0.000 0.337 0.000 0.327 0.000
Log (eGFR,

-0.099 0.082 -0.037 0.527 -0.014 0.821
mL/min)
Log (Fasting

0.007 0.905 0.040 0.563 0.027 0.703
glucose, mg/dL)
Log (Fasting C-

0.002 0.971 -0.030 0.628 -0.005 0.943
peptide, ng/mL)
AGlucose, mg/dL -0.237 0.000 -0.222 0.000
AC-peptide, ng/mL 0.092 0.131 0.087 0.156
Log (AIGLP-1,

0.032 0.573 0.027 0.632

pmol/L)
Log (AiGIP, pmol/L) 0.067 0.228 0.062 0.262
Use of sulfonylurea -0.044 0.463
Use of metformin -0.058 0.312
Use of insulin 0.023 0.716
Adjusted R? 0.175 0.243 0.250
F 10.874 <0.001 9.037 <0.001 7.127 <0.001

HbAlc, eGFR, fasting glucose and C-peptide, AiGLP-1 and AiGIP were logarithmically transformed.
B, corrected regression coefficient; eGFR, estimation of the glomerular filtration rate; iGLP-1, intact

glucagon-like peptide 1; iGIP, intact glucose-dependent insulinotropic polypeptide.
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