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Abstract Glucagon regulates glucose and fat metabolism as well as being involved in the production of ketone
bodies. The new antidiabetic drug, a sodium-glucose co-transporter-2 inhibitor, increases glucagon, and reduces
the risk of cardiovascular death and hospitalization due to heart failure. The presence of metabolic syndrome is an
important risk factor for cardiovascular diseases (CVD) in type 2 diabetes (T2DM) patients. We, thus, investigated the
association between glucagon levels and metabolic syndrome in T2DM patients. This cross-sectional study involved
317 T2DM patients. Fasting and postprandial (30 min after ingestion of a standard mixed meal) glucagon levels
were measured. Metabolic syndrome was defined according to the criteria of the International Diabetes Federation.
A multiple regression logistic analysis was employed for statistical evaluation. A total of 219 (69%) subjects
had metabolic syndrome. The fasting and postprandial glucagon levels did not differ between the group with
metabolic syndrome and the group without. Postprandial glucagon levels increased significantly with the increase
in the number of metabolic syndrome components, but the fasting levels did not. However, a hierarchical logistic
regression analysis revealed that the postprandial glucagon levels did not contribute significantly to metabolic
syndrome even after adjusting for other covariates. Fasting and postprandial glucagon levels are not associated with
metabolic syndrome in T2DM patients. However, further studies are needed to investigate the relationship between
glucagon and cardiovascular risk in patients with T2DM.
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Glucagon and metabolic syndrome

2 BASGT, A% 22T SRS GAEEE A
Hgls QLA ohuigith. BhARE TR ol e Batulme
A Aol g BYE AHEL 371 mY 2] HE 4F 227

Table 1. Comparison of clinical and laboratory variables between
Metabolic Syndrome (MS) and no-MS groups

MS (n=219) NoMS (n=98)
Age, years 585+12.2 60.5+10.3
Gender, male, % 63.8 67.0
Body mass index, kg/cm2 26.8 £ 3.7%%% 237+£28
Waist circumference, cm 03.6 £ 8.1%*%* 84.3+9
Systolic BP, mmHg 140.7 £ 16.9%** 1312+17.6
DM duration, years 92+84 98+83
HbAlc, % 88+22 8.8+24
Fastig glucose, mg/dL 169.3£60 163.4+66.7
Basal C-peptide, ng/mL 24+13%%* 1.8+0.8
AST, U/L 28.6+21.7 252+164
ALT,U/L 3524254 2971314
eGFR, mL/min 689+144 69+13.3
Total cholesterol, mg/dL 174.4+40.1 166.7+£33.4
Triglyceride, mg/dL 164.6 £ 95%*%* 89.5+364
HDL cholesterol, mg/dL 437+ 11.5%%* 539+12.1
LDL cholesterol, mg/dL 105.8+35.7* 954+31.2
Fasting glucagon, ng/L 87.1+37.8 82.8+38
Postprandial glucagon, ng/L 88.1t54 78.5+49.5
A glucagon, ng/L 1.1£57.1 —43+472

Data are expressed as mean * standard deviation or frequencies (%).

Student’s t test or chi-square test was performed.

*P<0.05,**P<0.01 and ***P<0.001 vs. No MetS.

MetS, metabolic syndrome; BP, blood pressure; DM, diabetes mellitus; eGFR,
estimation of the glomerular filtration rate; UACR, urinary albumin to creatinine
ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase; iGLP-
1, intact glucagon-like peptide 1; iGIP, intact glucose-dependent insulinotropic
polypeptide.

00 rP= 0.155—‘

[o]
o

N
o

N
o

Postprandial glucagon, ng/L 03
o0
o

o

MS No MS

Figure 1. The difference in fasting (A), postmeal (B) glucagon levels according to the presence of metabolic syndrome. Error bars indicate stan-
dard error of the mean. P value by Student’s t test. MS, metabolic syndrome.
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Figure 2. Differences in fasting glucagon levels (A) and postprandial glucagon levels (B) according to the number of components of metabolic

g syndrome. Values are expressed as mean+ SE. ANOVA, analysis of variance; P for trend, P value by the test for linear trend.
]
]
v
':é-' Table 2. Multivariate hierarchical logistic regression analysis predicting metabolic syndrome
2 Model 1 Model 2 Model 3
]
5 OR (95% CI) P OR (95% CI) P OR (95% CI) P
=
7]
= Age, years 0.98(0.96~1.01) 0.154 1.00(0.97~1.02) 0.790 1.00(0.97~1.03) 0.902
S Gender, male 0.89(0.51~1.53) 0.667 0.92(0.50~1.71) 0.800 0.89(0.48~1.66) 0.716
g Postprandial glucagon, ng/L 1(1~1.01) 0.170 1.00 (1.00~1.01) 0.231 1.00 (1.00~1.01) 0.241
§ Body mass index, kg/cm? - 1.37(1.23~1.54) <0.001 1.38(1.23~1.55) <0.001
g C-peptide, ng/mL - 1.17(0.87~1.58) 0.308 1.18 (0.87~1.59) 0.281
'—
LDL cholesterol, mg/dL. - 1.01(1.00~1.02) 0.059 1.01(1.00~1.02) 0.183
Use of lipid-lowering agent - - 1.43(0.76~2.69) 0.261
Cox & Snell R? 0.015 0.191 0.194
Nagelkerke R? 0.022 0.269 0.273
Model ¢? 4371 59.714% 60.447%
Metabolic syndrome was the dependent variable.
OR, odds ratios; CI, confidence interval
*P<0.001.
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