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ABSTRACT
Aims/Introduction: The Japanese diabetes treatment guidelines do not specify the
first choice of hypoglycemic agents, unlike those of Western countries. Furthermore, the
current situation in diabetes treatment is that the choice of hypoglycemic agents is
determined by each physician. Therefore, we aimed to determine the current situation in
Miyazaki Prefecture, Japan, in this context. For this, we carried out a questionnaire survey
among physicians twice regarding the target value of glycated hemoglobin and the
choice of hypoglycemic agents in various cases.
Materials and Methods: We administered an unsigned questionnaire to physicians in
Miyazaki Prefecture, Japan, in July 2016 and March 2020. We divided responses into those
of diabetologists and those of non-diabetologists, and analyzed each response. We then
compared the results between both years.
Results: In total, 18 diabetologists and 142 non-diabetologists responded in 2016, and
21 diabetologists and 134 non-diabetologists responded in 2020. Many diabetologists
chose biguanide as the first-line drug for obese type 2 diabetes patients. In addition, the
rate of choice of sodium–glucose cotransporter 2 inhibitor (SGLT2i) among physicians
almost increased in 2020. Some non-diabetologists, and even a few diabetologists,
inappropriately chose SGLT2i and biguanide for patients with severe renal dysfunction.
Conclusions: Because SGLT2i became available in 2016 and a few years have passed,
both diabetologists and non-diabetologists seemed to refrain from prescribing SGLT2i.
However, with the emergence of various lines of firm evidence regarding the use of
SGLT2i, physicians started to prescribe it. However, some diabetologists and non-
diabetologists chose hypoglycemic agents inadequately; therefore, there is a need for
novel and precise information.

INTRODUCTION
According to a consensus report published by the American
Diabetes Association and the European Association for the
Study of Diabetes, metformin is used as a first-line hypoglyce-
mic agent for the treatment of type 2 diabetes. In contrast, the
Japanese diabetes treatment guidelines do not specify the first

choice of hypoglycemic agents. In Japan, only insulin, sulfonyl-
urea (SU) and biguanide (BG) were used as hypoglycemic
agents until the development of an a-glucosidase inhibitor in
1993. Subsequently, thiazolidine (TZD) and glinide became
available in 1999, following which dipeptidyl peptidase-4 inhibi-
tor (DPP-4i), glucagon-like peptide-1 receptor agonist and
sodium–glucose cotransporter 2 inhibitor (SGLT2i) became
available in 2009, 2010 and 2014, respectively. The choice of
hypoglycemic agents is made by each physician considering the

Yudai Uehira and Hiroaki Ueno are equally contributed to this work.
Received 28 September 2021; revised 28 December 2021; accepted 13 January 2022

ª 2022 The Authors. Journal of Diabetes Investigation published by Asian Association for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd. J Diabetes Investig Vol. 13 No. 6 June 2022 1011
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

ORIGINAL ARTICLE

https://orcid.org/0000-0003-4809-4109
https://orcid.org/0000-0003-4809-4109
https://orcid.org/0000-0003-4947-594X
https://orcid.org/0000-0003-4947-594X
https://orcid.org/0000-0001-8180-8850
https://orcid.org/0000-0001-8180-8850
https://orcid.org/0000-0003-4511-4901
https://orcid.org/0000-0003-4511-4901
https://orcid.org/0000-0002-3175-5460
https://orcid.org/0000-0002-3175-5460
https://orcid.org/0000-0001-9126-2329
https://orcid.org/0000-0001-9126-2329
https://orcid.org/0000-0001-8186-3833
https://orcid.org/0000-0001-8186-3833
https://orcid.org/0000-0003-2319-7988
https://orcid.org/0000-0003-2319-7988
https://orcid.org/0000-0002-6511-1049
https://orcid.org/0000-0002-6511-1049
mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/


patient’s origin, diabetes pathophysiology, associated diabetic
complications, age and so on. The Miyazaki Prefecture has a
population of approximately 1.09 million people, and diabetes
patients account for an estimated 21,000 individuals among the
total population. However, there are just 40 diabetologists in
Miyazaki Prefecture, and 85% of them reside in Miyazaki City.
Under such circumstances, we aimed to clarify the actual situa-
tion of diabetes treatment in the Miyazaki Prefecture. For this
purpose, we carried out a questionnaire survey twice, in 2016
and 2020, among diabetologists and non-diabetologists in the
Miyazaki Prefecture of Japan regarding the target value of gly-
cated hemoglobin (HbA1c) and the choice of hypoglycemic
agents in various cases.

MATERIALS AND METHODS
We administered an unsigned questionnaire to physicians (dia-
betologists and non-diabetologists) registered with the Miyazaki
Medical Association in July 2016 and March 2020. We defined
diabetologists as clinicians with a qualified interest certified by
the Japan Diabetes Society (JDS). We analyzed the results and
compared the data between diabetologists and non-
diabetologists, and between 2016 and 2020. The contents of the
questionnaire included age of the participant, diabetologist or
non-diabetologist, presence of nutritionists, number of diabetes
outpatients and four questions. The four questions were as fol-
lows. Question A: Value of HbA1c to consider prescribing a
hypoglycemic agent for the treatment of type 2 diabetes
patients for whom lifestyle intervention was already introduced,
and the value of HbA1c to consider administering insulin ther-
apy for the treatment of type 2 diabetes patients for whom
hypoglycemic agents were already introduced. Question B
(Table 1): In approximately four type 2 diabetes patients (B1–
B4), which is the target HbA1c level? The common scenarios
in the four cases were that glycemic control was poor with life-
style management intervention and basal insulin therapy was
started 6 months ago. Question C (Table 2): In approximately
six type 2 diabetes patients (C1–C6), which of the nine hypo-
glycemic agents are used as first- and second-line drugs (SU,
glinide, TZD, a-glucosidase inhibitor, BG, DPP-4i, SGLT2i,
glucagon-like peptide-1 receptor agonist, insulin or none)?
Common scenarios in five (C1–C5) cases were that duration of
diabetes was 2 years, and there was no prescription of hypogly-
cemic agents. Activities of daily living were good. C6 was a 52-
year-old woman who was a housewife. Her body mass index
and HbA1c were 26.4 kg/m2 and 8.9%, respectively. She visited
the Miyazaki University Hospital, Miyazaki, Japan, with a chief
complaint of low vision and leg edema. After examination, for
the first time, she was diagnosed with type 2 diabetes compli-
cated with proliferative diabetic retinopathy, renal failure
(serum creatinine level of 2.0 mg/dL; urine protein of 3+) and
no liver disease. Question D: The number of type 2 diabetes
patients who were prescribed SGLT2i, including in a recent
month.

All statistical analyses were carried out using JMP 14 soft-
ware (SAS Institute Inc., Cary, NC, USA). Data are presented
as the mean – standard deviation. Comparison between two
groups was carried out using unpaired t-test or two-way facto-
rial analysis of variance. Statistical significance was set at
P < 0.05.

RESULTS
Comparison of the results of the questionnaire between
diabetologists and non-diabetologists (2020 vs 2020)
We received questionnaire responses from 155 of 400 physi-
cians, and the recovery rate was 38.8% (Table 3). Among the
155 physicians, there were 21 diabetologists and 134 non-
diabetologists. The mean age of the participants was
58.3 – 11.0 years (range 26–89 years). Furthermore, 94.7% and
37.6% of diabetologists and non-diabetologists worked together
with nutritionists, respectively. The number of patients with
diabetes in a month was as follows: <30 patients, 22.3%; 30–
100 patients, 53.8%; 100–200 patients, 17.7%; and >200
patients, 6.6% among non-diabetologists; in contrast, the num-
ber of patients with diabetes in a month was as follows: <30
patients, 4.3%; 30–100 patients, 14.3%; 100–200 patients, 23.8%;
and >200 patients, 57.1% among diabetologists. Diabetologists
treated many more patients than non-diabetologists
(P < 0.001).

Question A
The HbA1c value that was considered for the administration of
any hypoglycemic agent for type 2 diabetes patients for whom
lifestyle intervention was already introduced was 7.0 – 0.4%
among non-diabetologists and 7.0 – 0.3% among diabetologists
(P = 0.96). The HbA1c value that was considered for insulin
therapy for type 2 diabetes patients for whom hypoglycemic
agents were already introduced was 8.5 – 0.8% among non-
diabetologists and 8.0 – 0.5% among diabetologists
(P = 0.012).

Question B
B1: Most diabetologists and non-diabetologists chose a HbA1c
value of <6% or 7%, with no significant difference (Table 1;
Figure 1). B2: Most diabetologists and non-diabetologists chose
a HbA1c value of <7% or 8%. B3: In this case, 57.1% of diabe-
tologists chose <8% and 9.5% of diabetologists chose <7%. In
contrast, 35.6% of non-diabetologists chose <7%. Non-
diabetologists tended to choose a lower target value of HbA1c
(P = 0.09). B4: An approximately fivefold higher proportion of
non-diabetologists chose a HbA1c value of <7% than that cho-
sen by diabetologists. Non-diabetologists tended to choose a
lower target value of HbA1c (P = 0.062).

Question C
C1: Approximately half of both diabetologists and non-
diabetologists chose DPP-4i as a first-line drug, without any
significant difference (Table 2; Figure 2). A total of 38.5% of
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non-diabetologists and 25.0% of diabetologists chose DPP-4i,
and 25.4% of non-diabetologists and 30.0% of diabetologists
chose BG as a second-line drug, without any significant dif-
ference. C2: Many diabetologists and non-diabetologists chose
BG and SGLT2i as first- or second-line drugs, without any
significant difference. C3: In this case, 57.1 and 19.1% of dia-
betologists chose BG and insulin, respectively, as first-line
drugs, whereas 43.2 and 20.5% of non-diabetologists chose
BG and SGLT2i, respectively, but the difference was not sig-
nificant. Furthermore, SGLT2i was chosen by 47.6% of diabe-
tologists and 29.9% of non-diabetologists, and DPP-4i was
chosen by 4.8% of diabetologists and 29.9% of non-
diabetologists, respectively, as second-line drugs, with a signif-
icant difference (P = 0.049). C4: Approximately 60% of both

diabetologists and non-diabetologists chose DPP-4i as the
first-line drug. As for second-line drugs, both diabetologists
and non-diabetologists chose various drugs, with no signifi-
cant difference. C5: Almost all physicians chose BG, DPP-4i
and SGLT2i as first-line drugs, with no significant difference.
As for second-line drugs, 52.4 and 19.1% of diabetologists
chose SGLT2i and BG, respectively. However, 34.1 and 32.6%
of non-diabetologists chose DPP-4i and SGLT2i, respectively.
The choice tended to be significantly different (P = 0.09). C6:
As a first-line drug, almost all diabetologists and non-
diabetologists chose insulin, DPP-4i or SGLT2i, with no sig-
nificant difference. As for a second-line drug, both diabetol-
ogists and non-diabetologists chose various drugs, with no
significant difference, as well as second-line drugs of C4.

Question D
Diabetologists prescribed SGLT2i significantly more frequently
than non-diabetologists in a recent month (P < 0.001; Figure 3).

Comparison of the results between 2016 and 2020 for each
diabetologist or non-diabetologist
In the 2016 questionnaire survey, we received responses from
160 of 423 physicians, and the recovery rate was 37.8%
(Table 3). Of the 160 doctors, there were 18 diabetologists and
142 non-diabetologists. The results of comparison between dia-
betologists in 2016 (diabetologists-16) and diabetologists in
2020 (diabetologists-20), as well as non-diabetologists in 2016
(non-diabetologists-16) and non-diabetologists in 2020 (non-
diabetologist-20), are shown below.

Table 1 | Contents of question B

Case Age (years)/sex Occupation Duration of
diabetes

BMI (kg/m2) Diabetic complication Characteristic

B1 40/Male Farmer 2 years 21.5 None None
B2 79/Female Unemployed 5 years 25.0 Slight neuropathy None
B3 62/Male Unemployed 1 year 19.5 None Terminal pancreatic cancer
B4 80/Female Unemployed 15 years 24.0 Proliferative retinopathy,

peripheral neuropathy, and nephropathy stage 3
eGFR = 40 mL/min/1.732 m2

BMI, body mass index; eGFR, estimated glomerular filtration rate.

Table 2 | Contents of question C

Case Age (years)/sex Occupation BMI (kg/m2) HbA1c (%) Diabetic complication Characteristic

C1 46/Female Housewife 18.8 7.8 None No liver disease
C2 53/Male Office worker 30.0 7.7 None Fatty liver detected on ultrasonography
C3 56/Female Housewife 25.0 10.2 None No liver disease
C4 78/Male Unemployed 19.2 8.2 None No liver disease
C5 76/Male Unemployed 29.0 8.4 History of myocardial infarction No liver disease
C6 52/Female Housewife 26.4 8.9 PDR

Nephropathy
Serum creatinine 2.0 mg/dL
Urine protein 3+

BMI, body mass index; HbA1c, glycated hemoglobin; PDR, proliferative diabetic retinopathy.

Table 3 | Characteristics of answerers

Year 2016 2020

n 160 155
Collection rate
of questionnaire (%)

37.8 38.8

Age (years) 58.1 – 9.3 (37–90) 58.3 – 11.0 (26–89)
Location (%) Miyazaki City: 39.9

Miyakonojo City: 14.7
Nobeoka City: 11.0
Others: 34.4

Miyazaki City: 42.7
Miyakonojo City: 15.1
Nobeoka City: 9.9
Others: 32.3

Percentages of
diabetologists (%)

11.3 13.5
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Question A
The HbA1c value that was considered for the administration of
any hypoglycemic agent for type 2 diabetes patients for whom
lifestyle intervention was already introduced was 7.0 – 0.3%
among diabetologists-16 and 7.0 – 0.3% among diabetologists-
20 (P = 0.40). In regard to non-diabetologists, the HbA1c value
was 6.9 – 0.4% among non-diabetologists-16 and 7.0 – 0.4%
among non-diabetologists-20 (P = 0.49). The value of HbA1c
that was considered for insulin therapy for type 2 diabetes
patients for whom hypoglycemic agents were already intro-
duced was 7.9 – 0.7% among diabetologists-16 and 8.0 – 0.5%
among diabetologists-20 (P = 0.76). Regarding non-
diabetologists, the HbA1c value was 8.6 – 1.0% among non-
diabetologists-16 and 8.5 – 0.8% among non-diabetologists-20
(P = 0.31).

Question B
B1: Most diabetologists and non-diabetologists chose a HbA1c
value of <6% or 7%, with no significant difference (Table 1;
Figure 4). B2: Most diabetologists and non-diabetologists chose
a HbA1c value of <7% or 8%. B3: The majority of diabetolog-
ists chose <8% or 9% in both questionnaire surveys. Non-
diabetologists-20 generally chose wide target values compared
with non-diabetologists-16, with a significant difference
(P = 0.032). B4: Both diabetologists and non-diabetologists
chose similar results in 2016 and 2020.

Question C
C1: Approximately 60% of diabetologists-16 and diabetologists-
20 chose DPP-4i as a first-line drug (Table 2, Figure 5).
Although 65.4 and 16.9% of non-diabetologists-16 chose DPP-
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Figure 1 | Comparison of the results of question B between diabetologists and non-diabetologists in 2020. The results of target glycated
hemoglobin that diabetologists and non-diabetologists chose for each of the four cases (B1–B4) in 2020.
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4i and BG, respectively, as a first-line drug, BG was chosen
twice by non-diabetologists-20 compared with that by non-
diabetologists-16. These differences were significant (P = 0.01).

Both diabetologists-16 and diabetologists-20 chose a variety of
second-line drugs, with no significant difference. Although SU
and BG were chosen at fewer frequencies by non-
diabetologists-20 than by non-diabetologists-16, DPP-4i and
SGLT2i were chosen more frequently by non-diabetologists-20
than non-diabetologists-16. These differences were significant
(P = 0.046). C2: More than 70% of both diabetologists-16 and
diabetologists-20 chose BG as a first-line drug. Although 46%
of both non-diabetologists-16 and non-diabetologists-20 chose
BG as a first-line drug, non-diabetologists-20 chose SGLT2i
approximately 1.7-fold more than non-diabetologists-16. These
differences were significant (P = 0.044). As a second-line drug,
approximately 56% of both diabetologists chose SGLT2i. Both
non-diabetologists chose a variety of second-line drugs, with no
significant difference. C3: There were few differences in the
choice of first-line drugs between both diabetologists. Further-
more, 43.2 and 20.5% of non-diabetologists-20 chose BG and
SGLT2i, respectively, as first-line drugs. The choice of SGLT2i
was 2.5-fold higher among non-diabetologists-20, and the
choice of DPP-4i and SU decreased to approximately half of
the value. These differences were significant (P = 0.002). As a
second-line drug, diabetologists-20 chose SGLT2i fourfold more
than diabetologists-16. In contrast, the choice of DPP-4i
decreased significantly (P = 0.004). Non-diabetologists-20
chose SGLT2i at a rate 2.3-fold higher than that of
non-diabetologists-16, and the use of SU decreased, with a
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Figure 2 | Comparison of the results of question C between diabetologists and non-diabetologists in 2020. Diabetologists and non-diabetologists
in 2020 chose first- and second-line drugs among nine hypoglycemic agents for each of the six cases (C1–C6). aGI, a-glucosidase inhibitor; BG,
biguanide; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1 RA, glucagon-like peptide 1 receptor agonist; SGLT2i, sodium–glucose cotransporter 2
inhibitor; SU, sulfonylurea; TZD, thiazolidine.
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sodium–glucose cotransporter 2 inhibitor (SGLT2i), including in a recent
month.
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significant difference (P = 0.047). C4: Both diabetologists chose
DPP-4i more frequently than other drugs as a first-line drug.
Non-diabetologists-20 chose BG 2.8-fold more frequently than
non-diabetologists-16, and prescription of SU decreased to one-
third, with a significant difference (P = 0.022). Regarding
second-line drugs, both diabetologists chose a variety of drugs,
with no significant difference. Non-diabetologists-20 chose
DPP-4i and SGLT2i at 2.8- and 5.0-fold higher frequency,
respectively, than non-diabetologists-16. The prescription of SU
decreased to one-quarter. These differences were significant
(P < 0.001). C5: As a first-line drug, half of both diabetologists
chose BG, but SGLT2i was chosen more frequently and DPP-4i
was chosen fewer times by diabetologists-20 than by
diabetologists-16, with a significant difference (P = 0.043).
Non-diabetologists-20 chose SGLT2i 2.5-fold more frequently
and chose DPP-4i fewer times than non-diabetologists-16, with
a significant difference (P = 0.002). As a second-line drug,
diabetologists-20 chose SGLT2i ninefold more frequently than
diabetologists-16. Prescription of DPP-4i, glinide and TZD
decreased, with significant differences (P = 0.004). Non-
diabetologists-20 chose SGLT2i at 2.4-fold higher frequency
than non-diabetologists-16, and the choice of glinide, TZD, a-
glucosidase inhibitor and BG decreased significantly
(P < 0.001). C6: As a first-line drug, the majority of both the
diabetologists and non-diabetologists chose insulin or DPP-4i.
Although both non-diabetologists chose a variety of drugs, pre-
scription of SGLT2i increased, and that of SU, glinide and BG
decreased, with significant differences (P < 0.001). As second-
line drugs, both diabetologists and non-diabetologists chose a
variety of drugs, with no significant difference.

Question D
In 2016, the number of patients with type 2 diabetes who were
prescribed SGLT2i in a recent month was small for both diabe-
tologists and non-diabetologists (Figure 3). However, both dia-
betologists and non-diabetologists, especially diabetologists,
chose SGLT2i at a significantly higher rate for many patients in
2020 than in 2016.

DISCUSSION
In the present study, we administered a questionnaire survey to
diabetologists and general physicians about treatment targets
and methods for various diabetes cases. In addition, because we
set a 4-year interval since the same questionnaire survey carried
out earlier, some interesting results were obtained.
The number of patients with type 2 diabetes who were pre-

scribed SGLT2i in the recent month was higher in 2020 than
in 2016, especially among diabetologists (Figure 3). In addi-
tion, diabetologists and non-diabetologists tended to choose
SGLT2i more frequently in 2020 than in 2016, particularly
for obese patients (Figure 5b,c,e,f). In Japan, SGLT2i became
available in April 2014, and, currently, six types of SGLT2i
(empagliflozin, canagliflozin, luseogliflozin, tofogliflozin, ipra-
gliflozin and dapagliflozin) have been certified. In addition to

the hypoglycemic effect due to increased urinary glucose
excretion, multiple desirable effects1, such as weight loss2–5,
improved fatty liver6–8, antihypertensive effect9,10 and decreas-
ing uric acid, have been proven. Furthermore, empagliflozin
and canagliflozin significantly suppressed cardiovascular dis-
eases in patients with a high risk of cardiovascular dis-
ease11,12, and empagliflozin and dapagliflozin decreased the
rates of hospitalization due to heart failure12,13. In addition,
empagliflozin suppressed the worsening of diabetic kidney
disease and complicated renal events14 (onset of proteinuria,
half of the estimated glomerular filtration rate, renal replace-
ment therapy, kidney disease-related death), and canagliflozin
suppressed the progression of albuminuria and complicated
renal events11 (40% reduction of the estimated glomerular fil-
tration rate, renal replacement therapy, kidney disease-related
death), respectively. Because of these lines of firm evidence,
SGLT2i has been used as a second-line drug for patients with
atherosclerotic cardiovascular disease, heart failure, chronic
kidney disease or obesity in the American Diabetes Associa-
tion and the European Association for the Study of Diabetes
consensus report. A few years have passed since SGLT2i
became available in Japan in 2016, and owing to its adverse
effects, such as urinary tract infection and dehydration, physi-
cians, including diabetologists, carefully used SGLT2i for
treating diabetes. However, as various lines of evidence
became evident, SGLT2i came to be gradually used exten-
sively by not only diabetologists, but also non-diabetologists.
In contrast, some non-diabetologists chose SGLT2i as first-
and second-line drugs for C4, despite C4 being an elderly
lean patient; in contrast, none of the diabetologists chose it
(Figure 5d). Prescriptions of SGLT2i for elderly and lean
patients, such as C4, might cause muscle loss, sarcopenia and
dehydration due to bodyweight reduction and polyuria.
According to the recommendation given by the JDS, SGLT2i
should be used carefully for patients aged ≥75 years and 65–
74 years with geriatric syndrome15. Therefore, it is necessary
to examine the indications of SGLT2i in each case and to dis-
seminate the risks. Although C5 was also an elderly patient,
who was obese, SGLT2i is a good indication if physicians pay
attention to the issue of dehydration. Some diabetologists and
non-diabetologists chose SGLT2i for C6 (Figure 5f). Although
C6 was obese, she also had renal failure (serum creatinine is
2.0 mg/dL). As evidence on whether SGLT2i could reduce
cardiorenal events is lacking and the glucose-lowering effect
is limited in patients with severe CKD, such as in case C6,
SGLT2i should be avoided in such cases.
As a first-line drug for obese patients, both diabetologists

(C2, C3 and C5) and non-diabetologists (C2 and C3) chose BG
more frequently than other drugs (Figure 5). In the UK pro-
spective diabetes study 3416, the metformin-enhanced therapy
group showed a significant reduction of myocardial infarction
and diabetes-related death in obese patients with type 2 diabe-
tes. Since then, metformin has become the first-line drug for
patients with type 2 diabetes in Europe and the USA17.
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According to a retrospective nationwide study carried out in
Japan to search for trends in first-line antidiabetic medication
for patients with type 2 diabetes18, DPP-4i was reported as the
most common hypoglycemic agent (65.1%), followed by BG
(15.9%) and SGLT2i (7.6%). BG was particularly prescribed
more commonly in the JDS-certified facilities (20.8%) than in
other facilities (15.3%). In contrast with the trend seen for BG,
DPP-4i was prescribed less commonly in JDS-certified facilities
(61.8%) than in other facilities (65.5%). The hypoglycemic effect
can be expected even in non-obese patients, because the hypo-
glycemic effect of BG does not depend on body mass index19.
Although BG is suggested by the JDS to be used carefully for
patients aged >75 years, approximately half of the diabetologists
chose BG as a first-line drug for C5 (obese and elderly
patients), probably because of his normal renal function. How-
ever, one diabetologist and some non-diabetologists inappropri-
ately chose BG for case C6, despite the presence of renal
dysfunction. It is acceptable that there have been many cases
where even non-diabetologists use BG regardless of obesity or
non-obesity, but the common knowledge of patients for whom
it should not be used, such as in C6, will be necessary.
The proportion of SU use as the first- and second-line drug

for case C6, who had severe renal dysfunction, decreased to
almost zero for non-diabetologists in 2020. According to the
recommendation given by the JDS, SU should be used care-
fully for elderly patients and patients with impaired renal
function20; this recommendation should have influenced par-
ticipant choices of hypoglycemic agents. In cases C4 and C5
(older patients), some non-diabetologists chose SU as the

first-line drug. SU should be used carefully; however, these
choices might decrease over time because of the influence of
the recommendation.
As a first-line drug for lean cases (C1 and C4), both diabe-

tologists and non-diabetologists chose DPP-4i more frequently
than other drugs (Figure 5a,d). A meta-analysis reported that
the hypoglycemic effect of DPP-4i in patients with type 2 dia-
betes is more prominent in Asian individuals than in non-
Asian individuals21. In addition, DPP-4i has an extremely low
risk of causing hypoglycemia when used alone. From these
viewpoints, the rate of selection of DPP-4i is high among both
diabetologists and non-diabetologists. In fact, DPP-4i accounted
for 43.5% of the total drug charges ( ¥4,271 billion) for hypo-
glycemic agents in 201722, according to the surveys carried out
by the Japanese Ministry of Health, Labor and Welfare.
Regarding the target value of HbA1c, non-diabetologists-20

tended to choose lower HbA1c than diabetologists-20 for B3
and B4 (Figure 1c,d). B3 was a case of unresectable pancreatic
cancer. Regarding glycemic control in patients with advanced
cancer, treatment guidelines do not specify the target value of
HbA1c, and each physician has to determine the goal23. The
responses to this question showed that many diabetologists
seemed to decide the target HbA1c level according to the prog-
nosis of each patient. Diabetologists have set the target HbA1c
level relatively high in this case, because patients with advanced
pancreatic cancer often have appetite loss, and reduced energy
intake makes diabetes management difficult and increases the
risk of severe hypoglycemia. B4 was an elderly patient with
progressive diabetic complications. Elderly diabetes patients,
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Figure 5 | Comparison of the results of question C between 2016 and 2020 for each diabetologists or non-diabetologists. In 2016 and 2020,
diabetologists and non-diabetologists chose first- and second-line drugs from nine hypoglycemic agents for each of the six cases (C1–C6).
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especially those aged >80 years, often have dementia. It has
been reported that elderly diabetes patients have dementia or
mild cognitive impairment at 1.5-fold higher frequency than
elderly non-diabetes patients24. Because mild cognitive impair-
ment and dementia often reduce self-care adherence, such as
insulin injection and medication, diabetes treatment can easily
become difficult. In addition, severe and/or frequent hypoglyce-
mia is a risk factor for dementia, falls and bone fractures. From
these viewpoints, diabetologists seem to have chosen higher
HbA1c levels for elderly patients than non-diabetologists.
Among approximately 49,000 diabetes patients using SU in the
USA, the higher the age at prescription, the lower the mean
HbA1c was reported25. We should consider the goal of glyce-
mic control with the risk of hypoglycemia in each patient, espe-
cially for elderly patients26.
Regarding question A, the HbA1c value for the consideration

of insulin therapy was lower in diabetologists than that in non-
diabetologists in both years. These results were similar to those
of a previous study carried out in Japan27.
The present study had several limitations. First, not all the

respondents of the questionnaire survey were the same between
2016 and 2020. Second, information on the cases presented
might not be sufficient for the respondents. Third, because the
recovery rate of the questionnaire survey was <40%, the results
might not reflect consensus on the target HbA1c value or the
treatment method.
In conclusion, we carried out a questionnaire survey among

diabetologists and non-diabetologists in the Miyazaki Prefecture
of Japan regarding the target value of HbA1c and choice of
hypoglycemic agents for various cases of type 2 diabetes. Diabe-
tologists chose higher target HbA1c levels than non-
diabetologists for patients with advanced cancer and elderly
patients with diabetic complications; therefore, it is considered
that diabetologists tend to examine the necessity of glycemic
control in each case. Both diabetologists and non-diabetologists
chose BG as the first-line drug for obese patients. In 2020, the
choice of SGLT2i use increased in many cases, compared with
that in 2016. However, because some inappropriate choices of
hypoglycemic agents have been seen in the present study, we
must have novel and correct knowledge to ensure proper selec-
tion of these drugs.
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