
Articles © The authors   |   Journal compilation © J Endocrinol Metab and Elmer Press Inc™   |   www.jofem.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
72

Letter to the Editor J Endocrinol Metab. 2017;7(2):72-74

ressElmer 

Understanding of Dose-Response of Metformin by Using 
Continuous Glucose Monitoring

Taro Akiyamaa, b, Hidetaka Hamasakia, b, Hiroki Adachia, 
 Hidekatsu Yanaia, c

To the Editor

Metformin is widely used for the treatment of type 2 diabe-
tes; however, the underlying mechanisms for blood glucose-
lowering remain not fully understood. Metformin is known to 
reduce hepatic gluconeogenesis which is considered to be the 
main mechanism of glucose-lowering of metformin [1]. Met-
formin has been also reported to increase intestinal glucose 
utilization and reduce food intake, inducing weight reduction 
and resulting amelioration of insulin resistance [2, 3]. The ac-
tivation of AMP-activated protein kinase (AMPK) which is a 
major cellular regulator of glucose metabolism was reported to 
be a main mechanism for metformin-mediated beneficial ef-
fects on diabetes [4], which was challenged by a recent report 
[5]. Then, metformin has been suggested to improve glucose 
metabolism by AMPK-dependent and AMPK-independent 
mechanisms [6].

Intravenous administration of metformin has been shown 
to be ineffective [7], and metformin was shown to increase 
plasma glucagon-like peptide-1 (GLP-1) [8].

Although the mechanisms for metformin-mediated incre-
ments in GLP-1 levels remain unknown, it has been hypoth-
esized that metformin stimulates GLP-1 secretion directly and/
or indirectly and prolongs the half-life of GLP-1, and that met-
formin may potentiate the glucose-lowering effects of GLP-1 
by increasing target tissue sensitivity to GLP-1 [9]. Further-
more, metformin has been reported to suppress hepatic gluca-
gon signaling by decreasing production of cyclic AMP [10].

Although various mechanisms have been suggested as 
metformin-mediated glucose-lowering, it remains unknown 
which of these mechanisms plays a crucial role at various 
daily doses of metformin. We performed a continuous glucose 
monitoring (CGM) in a 47-year-old type 2 diabetic male pa-
tient (body height, 171 cm; body weight, 77 kg; BMI, 26.3 

kg/m2), referred to our hospital due to poor glucose control. 
He has been treated by using metformin (500 mg/day), lina-
gliptin (5 mg/day) and empagliflozin (10 mg/day) for 3 weeks 
before admission at our outpatient clinic. His HbA1c level was 
8.5% on admission. The treatment for his diabetes was shown 
in Figure 1.

Results of CGM were shown in Figure 2. CGM showed 
hyperglycemia late at night and early at morning, suggesting 
that daily 500 - 1000 mg of metformin did not induce a suf-
ficient suppression of hepatic gluconeogenesis and/or hepatic 
glucagon signaling. Daily 1,500 mg of metformin improved 
hyperglycemia late at night and early at morning, daily 1,500 
mg may be needed to suppress hepatic gluconeogenesis and/
or glucagon signaling. However, daily 1,500 mg of metformin 
could not suppress postprandial hyperglycemia, which was im-
proved by daily 2,000 mg of metformin, indicating that daily 
2,000 mg may be needed for an increment of GLP-1 secretion 
and/or activity.

We have to mention the limitation of our observation. 
First, this report is the observation of only one case. Second, 
other hypoglycemic agents may have an influence on the study 
results.

In conclusion, our observation of dose-response of met-
formin by using CGM may propose the glucose-lowering 
mechanism due to metformin varies depending on the dose.
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Figure 1. Treatment for type 2 diabetes before and after admission. Continuous glucose monitoring (CGM) a-d correspond with 
a-d in Figure 2. 

Figure 2. Continuous glucose monitoring (CGM) showing dose-response of metformin. 
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