
Supplemental Method

Study population
Seventy-seven Japanese type 1 diabetes patients were recruited and

enrolled in our study after having provided written informed consent. All
participants were diagnosed as type 1 diabetes by diabetes specialists at the
time of presenting hyperglycemia and/or ketosis in their clinical history, and
since that time all had been under treatment with insulin therapy. Most of the
participants are considered to be the auto-immune, acute-onset type 1 diabetes,
but the inclusion of the fulminant type patients cannot be completely excluded
when they are diagnosed before the establishment of the concept and
diagnostic criteria of the fulminant type 1 diabetes. The patients with neoplasm,
autoimmune diseases, and administration of oral anti-diabetic agents were
excluded. All data and blood samples were collected on July 29th at Osaka
Police Hospital or August 26th at Osaka University Medical Hospital in 2017.

Preparation of plasma samples for glucagon assay
Whole blood was collected into sample tubes containing aprotinin and

EDTA-2Na (NP-EA0205; NIPRO, Osaka, Japan), then immediately chilled on
ice. Within 20 min of sampling, the plasma was separated using a 3,000-rpm
desktop centrifuge for 20 min at 4 °C, then stored in a -80 °C deep freezer until
performing the glucagon assay.

Acknowledgments
The authors thank Ms. Satomi Takebe, Drs. Naoki Shimo, Takashi

Katsura, Hiroyo Ninomiya, Kazuo Omori, Ihoko Sato, Yasumitsu Takahi,
Yasuki Nagai, Azusa Shiraki, Naohiro Taya, and Hirotaka Watanabe
(Department of Metabolic Medicine, Graduate School of Medicine, Osaka
University, Osaka, Japan), Prof. Munehide Matsuhisa and Dr. Akio Kuroda
(Diabetes Therapeutics and Research Center, Tokushima University,
Tokushima, Japan), Drs. Ken Kato, Toko Oida, Takafumi Masuda, and Saki
Kawamoto (National Hospital Organization Osaka National Hospital, Osaka,
Japan), Dr. Ayaha Kawashima (Kanda Naika Clinic, Osaka, Japan), and Dr.
Fumiyo Kubo (Yao Municipal Hospital, Osaka, Japan) for their assistance in
clinical examinations.

1



2

Supplemental Figure 1.
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Supplemental Figure 1. A: Values for serum creatinine and plasma glucagon
in the type 1 diabetes participants (n=77). B: Values for eGFR and plasma
glucagon in the type 1 diabetes participants (n=77). Squares indicate individual
samples. Statistical analysis for correlation was performed using Pearson�s
univariate test.
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Supplemental Figure 2.
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Supplemental Figure 2. Values for parameters representing liver function and
plasma glucagon in the type 1 diabetes participants (n=77). Squares indicate
individual samples. Statistical analysis for correlation was performed using
Pearson�s univariate test.



4

Supplemental Figure 3.
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Supplemental Figure 3. A: Values for time after meal and plasma glucose in
the type 1 diabetes participants (n=61). B: Values for time after meal and
plasma glucagon in the type 1 diabetes participants (n=61). Squares indicate
individual samples. Statistical analysis for correlation was performed using
Pearson�s univariate test.



Supplemental Figure 4. A: Values for urine C-peptide and plasma glucagon in
the type 1 diabetes participants (n=77). B: Values for the treatment insulin dose
and plasma glucagon in the type 1 diabetes participants (n=77). Squares
indicate individual samples. Statistical analysis for correlation was performed
using Pearson�s univariate test.
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