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ABSTRACT
Aims/Introduction: To investigate the national trend in the prescription of first-line
non-insulin antidiabetic agents and total medical costs (TMCs) after prescribing the drug
in Japanese patients with type 2 diabetes.
Materials and Methods: Using the National Database of Health Insurance Claims and
Specific Health Check-ups of Japan covering almost the entire Japanese population, we
calculated the proportion of each antidiabetic drug from 2014 to 2017, and determined
the factors associated with drug selection. The TMCs in the first year after starting the
drugs were calculated, and factors associated with the costs were also determined.
Results: Among 1,136,723 new users of antidiabetic agents, dipeptidyl peptidase-4
inhibitors were the most prescribed (65.1%), followed by biguanides (15.9%) and sodium–
glucose cotransporter 2 inhibitors (7.6%). Sodium–glucose cotransporter 2 inhibitor and
biguanide use increased during 2014–2017 (2.2%–11.4% and 13.7%–17.2%, respectively),
whereas the others decreased. Biguanides were not prescribed at all in 38.2% of non-
Japan Diabetes Society-certified facilities. The TMCs were the lowest among those who
started with biguanides. Fiscal year, age, sex, facility, number of beds and comorbidities
were associated with drug choice and TMCs. There were wide regional variations in the
drug choice, but not in the TMCs.
Conclusions: Unlike in the USA and Europe, dipeptidyl peptidase-4 inhibitor is the
most prescribed first-line medication for type 2 diabetes patients in Japan, while there is a
wide variation in the drug choice by facility-type and prefecture.

INTRODUCTION
The International Diabetes Federation recently reported that
the global diabetes prevalence rate in 2019 was approximately
9.3% (463 million people), and this is projected to increase to
10.2% (578 million) by 2030 and 10.9% (700 million) by 20451.
Type 2 diabetes is associated with microvascular complications
(e.g., retinopathy and nephropathy) and significantly increases
the risk of life-threatening complications (e.g., cardiovascular
disease [CVD])2. These complications also worsen the quality
of life3 and impose a heavy burden on the health and social

care systems4. Therefore, achieving and sustaining glycemic tar-
gets is essential for diabetes care, and many antidiabetic agents
have been developed over the past 20 years. In Japan, dipep-
tidyl peptidase-4 (DPP4) inhibitors, glucagon-like peptide-1
(GLP-1) receptor agonists and sodium–glucose cotransporter 2
(SGLT2) inhibitors have been available since 2009, 2010 and
2014, respectively.
Regarding the initial choice of antidiabetic agents, the Ameri-

can Diabetes Association and the European Association for the
Study of Diabetes5,6 recommend metformin as the first-line
drug for type 2 diabetes treatment since 2006 due to its low
cost, high efficacy, and the potential for reducing cardiovascular
events and death7. In the past decade, cardiovascular outcomeReceived 11 May 2021; revised 24 June 2021; accepted 22 July 2021
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trials have accumulated evidence to support the use of GLP-1
receptor agonists and SGLT2 inhibitors in patients with type 2
diabetes who had or were at high risk for CVD8–12. Thereafter,
the American Diabetes Association and European Association
for the Study of Diabetes clarified the usefulness of these drugs
for reducing the risk of CVD and chronic kidney disease
(CKD)13,14. In contrast, Japanese patients with type 2 diabetes
are more vulnerable to impaired insulin secretion; are less
obese; have a lower prevalence of cardiovascular complications
than type 2 diabetes patients in Europe and North America15,16,
and the genetic background for the development of diabetes is
different between Japanese and European individuals17. There-
fore, the Japan Diabetes Society (JDS) does not position met-
formin or any other drugs as the first-line treatment, and
places emphasis on tailored therapy18. Given these current
trends in diabetes management, it is assumed that there are dif-
ferences in the prescription of antidiabetic agents between the
USA/Europe and Japan. Although several studies have reported
trends in antidiabetic medications, and compared the effective-
ness and drug cost in Japan19,20, these were not population-
based studies, and might not represent general Japanese
patients with type 2 diabetes19–21. Furthermore, they were lim-
ited by relatively small sample sizes19–21 and lacked data on
older age groups19,21. Therefore, the prescription patterns of
antidiabetic agents in Japan are not well-understood, and there
is a need to provide firm evidence from a nationwide,
population-based study.
Within this context, the present study aimed to investigate

the following: (i) national trends in the initial antidiabetic
agents, except insulin, for the treatment of type 2 diabetes from
fiscal year (FY) 2014 to FY 2017; (ii) total medical costs for
1 year after the administration of the initial antidiabetic agents;
and (iii) factors associated with these phenomena, using the
National Database of Health Insurance Claims and Specific
Health Check-ups of Japan (NDB).

MATERIALS AND METHODS
Study design and data source
This was a population-based retrospective cohort study using
the NDB dataset. NDB, one of the largest health-related data-
bases worldwide (>100 million IDs, comparable to the total
population in Japan), deposits all electronic claims data reim-
bursed by Japan’s public medical insurance system, excluding
public assistance. As of 2017, >98% of claims were issued elec-
tronically. Details are provided in the Supporting Information.
The institutional review board approved this study of the

National Center for Global Health and Medicine (NCGM-G-
002492-02). The need for informed consent was waived,
because the database was anonymized before being provided by
the Ministry of Health, Labor and Welfare.

Definitions of diseases
The patients were identified from the database using the Inter-
national Classification of Disease codes, 10th edition in the

claims of the antidiabetic agents-initiating month. Detailed defi-
nitions of diseases can be found in the Supporting Information.
For the antidiabetic agents, eight classes of antidiabetic

agents, namely, biguanides, sulfonylureas, alpha-glucosidase
inhibitors, thiazolidinediones, DPP4 inhibitors, SGLT2 inhibi-
tors, glinides and GLP-1 receptor agonists, were available for
the treatment of type 2 diabetes in Japan during the study per-
iod.

Participant selection
Figure 1 shows the participant selection process. Among
11,379,602 patients who had received any antidiabetic agent
during the study period, those who: (i) had received antidia-
betic agents within 6 months before the first visit; (ii) had been
hospitalized and received any antidiabetic agent at the same
month or earlier of the first prescription of antidiabetic agents;
(iii) were aged <20 years; (iv) received insulin, had diabetes
types other than type 2 diabetes and diabetes in pregnancy; (v)
had no disease name “diabetes” on the claim; (vi) had
unmatched information on the medical institution or those
who had visited more than two hospitals/clinics in the same
month when the antidiabetic agent was administered; (vii) had
been treated by comprehensive medical care (and therefore
their medication might not have been fully listed on the
claims); and (viii) had been treated with two or more antidia-
betic agents or combination drugs were excluded. Finally,
1,136,723 patients with type 2 diabetes (i.e., E11, E14, refer to
the Supporting Information) who started antidiabetic medica-
tions between October 2014 and March 2018 were enrolled. To
analyze the total medical cost after administering the initial
antidiabetic agent, we further restricted the participants to the
patients whose medical care was observed after 12 months to
exclude any dropout of observation during the 12 months.
Therefore, patients were limited to those who started antidia-
betic medication between October 2014 and January 2017 to
follow up of 12 months for medical costs, and an extra
3 months to detect any medical care after 12 months. Overall,
645,493 patients were included.

Outcomes
The prescription rate of each antidiabetic agent during the
study period was determined stratified by age categories, sex,
type of facilities, type of insurance, use of medications for non-
communicable diseases, such as hypertension, and comorbidi-
ties (e.g., ischemic heart disease [IHD] and CKD). We further
evaluated the total medical costs in the first year after starting
the initial antidiabetic agents. Detailed information on calcula-
tion of the costs can be found in the Supporting Information.
All information about other variables, including sex, age at the
time of prescription, insurance type and facility characteristics
(prefecture, the first level of administrative division in Japan,
whether the facility was certified by the JDS and the number of
beds) were determined from claims data. Detailed information
on insurance type can be found in the Supporting Information.
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Prescriptions of antihypertensives and lipid-lowering agents
were defined as the patients receiving these drugs by the antidi-
abetic agents-initiating month. Disease names of IHD, CKD
and renal transplantation or dialysis were identified similarly
from the disease names by the month.

Statistical analysis
First, we described the characteristics of patients and the prescrip-
tion rate of each antidiabetic agent based on the characteristics.
We also investigated the trends in prescription patterns. As an
additional analysis, we stratified the patients according to the

presence or absence of IHD and the temporal trends of SGLT2
inhibitor and GLP-1 receptor agonist prescriptions. The analysis
was carried out to investigate the effect of evidence recently pub-
lished on the cardioprotective action of SGLT2 inhibitors and
GLP-1 receptor agonists8–12 on changes in initial prescription
patterns, especially among those who already had IHD. We here-
after focused on biguanides, DPP4 inhibitors, SGLT2 inhibitors
and sulfonylureas by considering their clinical importance. We
carried out multiple logistic analyses for each prescription as
dependent variables, and individual or facility characteristics as
independent variables to address confounding covariates.

Patients who had received any antidiabetic agent during

the study period

N=11,379,602

Received antidiabetic agents within 6 months prior to the

start of the follow-up (first visit)

N=9,580,976

Received any hypoglycemic agent after being

hospitalized at the same month or prior to the first visit
N=265,601

Patients who had been newly introduced antidiabetic

agents in an outpatient clinic during the study period

N=1,533,025

Aged less than 20 years old

N = 4,299

Information on medical institution unmatched
Visited to two or more hospitals/clinics at the same
month when antidiabetic agent was administered

N=8,138

Treated with insulin at the start of the follow-up

N=60,792

Treated by comprehensive medical care

N=89,122

Treated with two or more antidiabetic agents or

combination drugs

N=145,870

Received initial antidiabetic agents before September,
2014 or after February, 2017

N=388,910

Treatment discontinuation within 12 months after the

Participants in the analysis of the total medical cost

(Table 3 and supplementary Table 3)

N=645,493

start of the follow-up
N=102,320

Selected participants in this study
(Table 1,2, supplementary Table 1,2, and Fig.

2 and supplementary Fig.1-5)
N=1,136,723

Type 1 diabetes, gestational diabetes, other type diabetes,
diabetes in pregnancy, and disease name of diabetes

unidentified
N=88,081

Figure 1 | Flowchart of the study patients.
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Considering the possibility that hospitals with many beds might
have many board-certified diabetologists and the fact that the
JDS-certified facilities are required to have board-certified dia-
betologists/trainers, we considered that number of beds and
facility-type were to be included as covariates. To consider the
age-specific aggregation of insurance-type (i.e., patients aged
≥75 years are uniformly covered by the medical insurance for the
elderly in the later stages of life), we included production terms of
age category and insurance types. We then calculated the pre-
dicted proportion of each prescription after controlling for the
covariates, using multiple logistic regression models.
Second, we further aggregated the prescription by facilities

and determined the distributions of the prescription rates by
facility-type (JDS-certified or non-JDS-certified). We primarily
focused on facilities with ≥10 patients who initiated antidiabetic
agents during the period. We then repeated the analyses
restricted to facilities with more patients (≥20, ≥50 and ≥100).
We also carried out the same analyses, including patients aged
≤65 years who neither had CKD nor underwent dialysis.
Furthermore, we described the 12-month total medical costs

of the eight antidiabetic medication classes. We investigated fac-
tors associated with higher medical costs using a generalized
linear model. We adopted the generalized linear model with
the log link and inverse Gaussian family to account for the
strongly rightly skewed distribution. Detailed information on
calculation of the 12-month total medical costs can be found in
the Supporting Information.
All statistical analyses were carried out using Stata 15.2 (Sta-

taCorp, College Station, TX, USA). Only complete data were
included in the analyses.

RESULTS
Initial choice of antidiabetic agents during the study period
Among the participants, 57.5% were men, and 67.2% were aged
>60 years. Approximately 10.7% visited JDS-certified facilities,
and patients in facilities with <20 hospital beds accounted for
66.8%. In total, 16.7% had a history of IHD. Table 1 shows the
prescription rate of each antidiabetic agent according to age, sex,
type of insurance, characteristics of facilities and comorbidities.
DPP4 inhibitors were the most prescribed throughout the entire
study period, followed by biguanides and SGLT2 inhibitors,
whereas GLP-1 receptor agonists were the least prescribed. As
shown in Figure 2a, DPP4 inhibitor prescriptions accounted for
>60% of prescriptions throughout the study period. However, the
percentage gradually decreased, whereas a rapid increase in
SGLT2 inhibitor prescription was observed. The prescription of
biguanide also increased during the study period, but remained
<20%. The prescription rates of sulfonylureas, a-glucosidase inhi-
bitors, glinides and thiazolidinediones gradually decreased.

Initial choice of antidiabetic agents according to the patient
characteristics
As shown in Table 1, there were no sex differences in the pre-
scription of antidiabetic agents, whereas age strongly influenced

the initial choice of antidiabetic agents. DPP4 inhibitor pre-
scriptions markedly increased with age; conversely, both bigua-
nide and SGLT2 inhibitor prescriptions markedly decreased
with age. The prescriptions of sulfonylureas and glinides unex-
pectedly increased with age. Regarding the initial choice accord-
ing to the type of insurance, patients who were covered by the
Health Insurance Association of Japan, Social Health Insurance
Unions or Mutual Aid Association were more likely to receive
biguanides than those belonging to the National Health Insur-
ance (NHI). In contrast, the prescription rate of DPP4 inhibi-
tors was lower in those covered by Health Insurance
Association of Japan, Social Health Insurance Unions or
Mutual Aid Association than in those covered by NHI. Bigua-
nides were more prescribed in the JDS-certified facilities than
in other facilities, and there was a positive association between
medical beds and biguanide prescription. In contrast to bigua-
nides, the prescriptions of DPP4 inhibitors, SGLT2 inhibitors
and sulfonylureas were lower in the JDS-certified facilities than
in other facilities. There were no differences in prescription
trends during the study period by facility characteristics (Fig-
ure 2b). For the regional factor, the prescriptions of biguanides
and DPP4 inhibitors differed markedly by prefecture, with a
maximum of 33.3% (Okinawa) and a minimum of 8.7%
(Kagawa) in biguanides, and a maximum of 71.9% (Fukui) and
a minimum of 47.2% (Okinawa) in DPP4 inhibitors
(Table S1).
We carried out a sensitivity analysis according to the FY and

the presence or absence of IHD (Table S2). The prescription
rate of SGLT2 inhibitors in patients with IHD rapidly increased
by more than sevenfold from FY 2014 to 2017. Furthermore,
that in patients without IHD also increased by approximately
fivefold. In contrast, the prescription rate of GLP-1 receptor
agonists remained very low throughout the study period
regardless of the presence or absence of IHD.
Therefore, we further examined whether the proportion of

the prescriptions of biguanides, DPP4 inhibitors, SGLT2 inhibi-
tors and sulfonylureas in each facility differed by facility type.
Regarding DPP4 inhibitors in facilities with ≥10 patients (Fig-
ure S1a), its proportion as an initial choice was concentrated
on 40–70% (the peak was at 60–65%) among the JDS-certified
facilities, whereas other facilities showed a broad distribution
(0–100%) with the peak at 95–100%. Focusing on facilities with
more patients (Figure S1b–d), the DPP4 inhibitor prescription
rate distribution in the non-JDS-certified facilities became more
similar to that in the JDS-certified facilities. As for biguanides
(Figure S2a), the shape of the distribution was almost similar
to that of DPP4 inhibitors in the JDS-certified facilities, with
the peak at 15–20%. In contrast, the distribution of the propor-
tion of biguanides was strongly inclined toward 0% (biguanide
was not prescribed at all in 38.2% of the facilities) in other
facilities with ≥10 patients (Figure S2a) as the threshold num-
ber of patients for including the facilities increased (Fig-
ure S2b–2d), the proportion of facilities with no biguanide
prescriptions decreased. As shown in Figures S3 and S4, the
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initial prescription rates of SGLT2 inhibitors and sulfonylureas
were almost similar between the JDS-certified facilities and
others, regardless of the number of patients. A similar result
was obtained in the sensitivity analysis, excluding patients aged
≥ 65 years and those with advanced kidney disease (Figure S5).

Factors associated with prescriptions of biguanides, DPP4
inhibitors, SGLT2 inhibitors and sulfonylureas
Table 2 shows the factors associated with biguanide, DPP4
inhibitor, SGLT2 inhibitor and sulfonylurea prescriptions in the
multivariable logistic regression analysis. FY was positively asso-
ciated with prescriptions of biguanides and SGLT2 inhibitors,
whereas it was inversely associated with those of DPP4 inhibi-
tors and sulfonylureas. Women were more likely to be initially
treated with biguanides or SGLT2 inhibitors and were less likely
to be treated with DPP4 inhibitors or sulfonylureas than men.
The presence of cardiometabolic risk factors (hypertension and
dyslipidemia) increased SGLT2 inhibitor prescriptions by 30%.
The presence of IHD and CKD reduced sulfonylurea prescrip-
tions by 14% and 29%, respectively. Biguanides and SGLT2
inhibitors were 1.3- and 1.1-fold more likely to be prescribed in
the JDS-certified facilities than in the other facilities.
Meanwhile, DPP4 inhibitors and sulfonylureas were less

likely to be prescribed in the JDS-certified facilities. The num-
ber of beds was positively associated with a biguanide prescrip-
tion, and was negatively associated with SGLT2 inhibitor and
sulfonylurea prescriptions. Regarding the age category and type
of insurance, the older the patients, the higher the number of
DPP4 inhibitor and sulfonylurea prescriptions, and the lower
the number of biguanide and SGLT2 inhibitor prescriptions. In
the same age group, patients belonging to Health Insurance
Association of Japan, Social Health Insurance Unions and
Mutual Aid Association were more likely to be treated with
biguanides and SGLT2 inhibitors, and were less likely to be
treated with DPP4 inhibitors and sulfonylureas than those
belonging to NHI. We obtained the predicted proportions by
prefectures from the regression models (Table S1). Compared
with the crude proportions, the regional differences were
slightly attenuated, but they remained unchanged. The absolute
differences between maximum and minimum among prefec-
tures remained approximately 5% in sulfonylureas and SGLT2
inhibitors.

Total medical costs for 1 year after administration of
antidiabetic agents
In a subset of patients with at least 12 months of follow up
(Table 3), the median of the total medical costs was the lowest
in biguanides, followed by those in sulfonylureas and thiazo-
lidinediones. GLP-1 receptor agonists were shown to be the
most expensive. After adjusting for covariates, biguanides
remained the cheapest, followed by thiazolidinediones and a-
glucosidase inhibitors. GLP-1 receptor agonists remained to be
the most expensive drug. Table S3 shows factors associated
with total medical costs in the first year after administeringTa
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antidiabetic agents in the multiple regression analysis. Com-
pared with patients with biguanides, patients with antidiabetic
agents other than thiazolidinediones incurred significantly
higher total medical costs. Despite the increase in prescriptions
of newer class drugs, such as SGLT2 inhibitors (Figure 2 and
Table S2), the more the FY progressed, the lower the total
medical costs became. Patients belonging to the medical insur-
ance for the elderly in the later stages of life had significantly
higher medical costs than those belonging to the other insur-
ances. In the same age group, patients belonging to the NHI
generally required higher medical costs than those belonging to
other insurances. The presence of both IHD and CKD

significantly increased total medical costs by approximately 30%
and 60%, respectively. The difference in total medical costs
between prefectures remained <10%. Patients in large hospitals
or the JDS-certified facilities incurred higher medical costs than
those who visited the clinics or non-certified facilities. Com-
pared with the vast differences in the use of antidiabetic agents
between prefectures (Table S1), regional differences for the total
medical costs were smaller (Table S3).

DISCUSSION
We showed trends in first-line antidiabetic agents and subse-
quent medical costs in the first year in Japanese patients with
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Figure 2 | Prescription rate of antidiabetic agents during the study period in (a) the whole population, and (b) among patients cared for at
facilities without JDS certification and among those cared for at facilities with JDS certification. aGI, a-glucosidase inhibitor; BG, biguanide; DPP4i,
dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist; SGLT2, sodium–glucose cotransporter 2; SU, sulfonylurea; TZD,
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type 2 diabetes using the NDB. The main findings are as fol-
lows: (i) DPP4 inhibitors were the most prescribed; (ii) total
medical costs were lowest in patients who started biguanide;
and (iii) there were clear differences in the initial choice of
antidiabetic agents, especially biguanides and DPP4 inhibitors,

by prefecture and by type of facilities in addition to age and
comorbidities.
In the present study involving >1,000,000 Japanese patients

with type 2 diabetes, DPP4 inhibitors were most prescribed, fol-
lowed by biguanides and SGLT2 inhibitors. There are some

Table 2 | Factors associated with the initial choice of biguanide, dipeptidyl peptidase-4 inhibitor, sodium–glucose cotransporter 2 inhibitor and
sulfonylurea in the multivariable logistic regression analysis

Biguanide DPP4 inhibitor SGLT2 inhibitor Sulfonylurea

OR† 95% CI OR† 95% CI OR† 95% CI OR† 95% CI

Fiscal year (ref: FY2014 second half)
FY 2015 1.07 1.06 1.09 0.96 0.95 0.97 2.51 2.43 2.61 0.79 0.77 0.81
FY 2016 1.12 1.11 1.14 0.90 0.89 0.92 3.91 3.77 4.05 0.63 0.61 0.64
FY 2017 1.21 1.18 1.23 0.83 0.82 0.84 5.34 5.16 5.53 0.48 0.47 0.49

Sex (ref: male)
Female 1.18 1.17 1.19 0.87 0.87 0.88 1.18 1.16 1.19 0.87 0.86 0.89

Antihypertensives (yes vs no) 0.91 0.89 0.92 1.01 1.01 1.02 1.36 1.33 1.38 0.98 0.96 1.00
Lipid-lowering agents (yes vs no) 0.93 0.92 0.94 1.00 0.99 1.01 1.35 1.33 1.37 0.74 0.73 0.76
Ischemic heart disease (yes vs no) 0.84 0.82 0.85 1.04 1.02 1.05 1.29 1.26 1.32 0.86 0.84 0.89
Chronic kidney disease (yes vs no) 0.99 0.97 1.01 1.06 1.04 1.07 1.03 1.00 1.06 0.71 0.68 0.74
Facility (JDS certified vs non-certified) 1.30 1.28 1.33 0.85 0.84 0.87 1.10 1.06 1.14 0.78 0.74 0.81
Category of hospital beds (ref: <19)
20–99 1.05 1.03 1.07 1.03 1.01 1.05 0.84 0.81 0.86 0.89 0.85 0.92
100–199 1.14 1.12 1.17 1.02 1.01 1.04 0.77 0.75 0.79 0.90 0.87 0.93
≥200 1.14 1.12 1.16 1.04 1.03 1.06 0.70 0.68 0.72 0.85 0.82 0.88

Age category 9 type of insurance (ref: 20’s 9 National Health Insurance and others)
20’s 9 Health Insurance Association of Japan 1.29 1.16 1.44 0.79 0.71 0.89 0.95 0.83 1.10 0.74 0.55 1.01
20’s 9 Social Health Insurance Unions 1.34 1.20 1.50 0.79 0.70 0.89 0.99 0.84 1.15 0.55 0.39 0.79
20’s 9 Mutual Aid Association 1.58 1.34 1.86 0.58 0.47 0.70 0.81 0.64 1.03 0.55 0.31 0.96
30’s 9 National Health Insurance and others 0.74 0.67 0.82 1.45 1.31 1.60 0.94 0.83 1.07 1.25 0.97 1.61
30’s 9 Health Insurance Association of Japan 0.94 0.85 1.03 1.21 1.10 1.34 0.91 0.80 1.03 1.06 0.82 1.35
30’s 9 Social Health Insurance Unions 1.04 0.95 1.15 1.13 1.03 1.25 0.92 0.81 1.04 0.80 0.62 1.03
30’s 9 Mutual Aid Association 1.23 1.09 1.38 0.93 0.83 1.05 0.91 0.78 1.06 0.65 0.46 0.91
40’s 9 National Health Insurance and others 0.52 0.47 0.56 2.17 1.98 2.38 0.73 0.65 0.83 1.48 1.16 1.87
40’s 9 Health Insurance Association of Japan 0.59 0.54 0.64 1.95 1.78 2.14 0.80 0.71 0.90 1.14 0.90 1.44
40’s 9 Social Health Insurance Unions 0.65 0.59 0.71 1.85 1.69 2.03 0.82 0.73 0.93 0.88 0.69 1.12
40’s 9 Mutual Aid Association 0.66 0.60 0.72 1.69 1.53 1.87 0.87 0.76 0.99 0.96 0.74 1.25
50’s 9 National Health Insurance and others 0.42 0.38 0.46 2.87 2.62 3.15 0.50 0.45 0.57 1.50 1.18 1.90
50’s 9 Health Insurance Association of Japan 0.45 0.41 0.49 2.74 2.50 3.00 0.53 0.47 0.60 1.20 0.95 1.52
50’s 9 Social Health Insurance Unions 0.49 0.45 0.54 2.56 2.33 2.80 0.57 0.51 0.65 0.98 0.77 1.24
50’s 9 Mutual Aid Association 0.48 0.44 0.53 2.48 2.26 2.73 0.60 0.53 0.67 1.02 0.80 1.31
60’s 9 National Health Insurance and others 0.33 0.30 0.36 3.99 3.65 4.37 0.26 0.23 0.29 1.41 1.12 1.78
60’s 9 Health Insurance Association of Japan 0.36 0.33 0.39 3.74 3.42 4.10 0.32 0.28 0.36 1.20 0.95 1.52
60’s 9 Social Health Insurance Unions 0.39 0.36 0.43 3.54 3.22 3.89 0.33 0.29 0.37 1.05 0.83 1.34
60’s 9 Mutual Aid Association 0.40 0.36 0.45 3.26 2.94 3.61 0.37 0.32 0.43 1.08 0.83 1.41
60’s 9 Medical insurance for the elderly 0.20 0.17 0.23 5.76 5.08 6.53 0.17 0.13 0.21 1.24 0.91 1.70
70’s 9 National Health Insurance and others 0.22 0.20 0.24 5.49 5.01 6.02 0.17 0.15 0.19 1.36 1.07 1.72
70’s 9 Health Insurance Association of Japan 0.23 0.21 0.25 5.30 4.81 5.83 0.21 0.18 0.24 1.32 1.03 1.68
70’s 9 Social Health Insurance Unions 0.22 0.19 0.25 5.64 5.02 6.33 0.18 0.15 0.22 1.29 0.97 1.71
70s 9 Mutual Aid Association 0.26 0.22 0.32 5.01 4.28 5.87 0.18 0.13 0.25 1.08 0.72 1.62
70s 9 Medical insurance for the elderly 0.15 0.14 0.16 6.92 6.32 7.59 0.13 0.11 0.15 1.36 1.08 1.72
80s 9 Medical insurance for the elderly 0.09 0.09 0.10 8.57 7.82 9.39 0.09 0.08 0.10 1.59 1.26 2.01
>90s 9 Medical insurance for the elderly 0.05 0.05 0.06 9.85 8.92 10.88 0.07 0.06 0.08 2.19 1.72 2.79

†The multivariate models include prefecture as a covariate in addition to covariates above listed. CI, confidence interval; DPP4; dipeptidyl peptidase-
4; FY, fiscal year; JDS, Japan Diabetes Society; OR, odds ratio; SGLT2, sodium–glucose cotransporter 2.
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possible reasons for the extremely high prescription rate of
DPP4 inhibitors in Japan. DPP4 inhibitors can reduce gly-
cated hemoglobin (HbA1C) levels more effectively in East
Asian people, including Japanese people, than in people in
European and North American countries15,21,22. Lower insu-
lin secretion and adiposity (less insulin resistance) in Japanese
paople16, and different genetic backgrounds between Japanese
and European people17 might also influence the choice of
DPP4 inhibitors. Furthermore, the risk for severe hypo-
glycemia is extremely low when patients receive DPP4 inhibi-
tors alone. As more than half of Japanese patients with
type 2 diabetes are aged ≥65 years23, the JDS has attached
great importance to the safety of antidiabetic agents, and the
proper use of biguanides and SGLT2 inhibitors, including
special attention for the elderly, is noted in their recommen-
dations24,25. The inverse association of age with biguanides
and SGLT2 inhibitors in the present study suggests that these
agents were appropriately used from the safety point of view
according to the JDS recommendations, and instead, starting
DPP4 inhibitors might have been selected especially for the
elderly. For the efficacy of DPP4 inhibitors in Japan, Torii
et al. reported that the hazard of treatment intensification
and risk for developing HbA1C >7% were lower in DPP4
inhibitors than in biguanides for treatment-na€ıve type 2 dia-
betes patients26. Thus, the aging of the population of diabetes
patients, insufficient insulin secretion and low adiposity,
genetic background in Japanese people, and the efficacy and
safety of DPP4 inhibitors for Asian people might have
affected the physicians’ decision to select DPP4 inhibitors as
the first-line for Japanese patients with type 2 diabetes.
It is also an important finding that biguanide prescription

has steadily increased during the study period. In Japan,
starting biguanides had not been recommended for patients
aged ≥75 years until 2014, but the JDS allowed the adminis-
tration of metformin with careful consideration for these
patients in 2014, which might have reassured physicians to
start metformin for elderly patients with type 2 diabetes, pre-
sumably increasing the biguanide prescription.
We found a clear difference in biguanide and DPP4 inhibi-

tor prescriptions by facility type. As many board-certified dia-
betologists belong to JDS-certified facilities, biguanides could
be selected as a candidate for the first-line therapy, with care-
ful attention to their side-effects, including the risk for lactic
acidosis and the patient characteristics, including age and
renal function in the JDS-certified facilities. In contrast,
physicians in the other facilities were less likely to select
biguanides, probably due to the aforementioned burden of
biguanides and the necessity of taking them twice or three
times a day (extended-release tablets were not available in
Japan during the study period). Furthermore, some might
not have had biguanides in mind as candidates for initiating
antidiabetic agents, and instead selected DPP4 inhibitors due
to their ease-of-use (efficacy and safety) relative to bigua-
nides.Ta
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Metformin, the most prescribed biguanide in the present study,
is effective, inexpensive and might reduce the risk of cardiovascu-
lar events and death; however, evidence has not been fully estab-
lished regarding the effects of metformin on patient-important
outcomes27. Ideally, head-to-head large-scale, long-term random-
ized controlled trials should be carried out to clarify which medi-
cation is efficacious for glycemic control and to prevent
complications, especially among East Asian populations.
Furthermore, it is expected that real-world data to confirm

evidence obtained from the randomized controlled trials will be
accumulated by the long-term follow up of the NDB and other
databases28. The results of these studies will lead to improved
guidelines for personalized diabetes care. To close the gap in
the prescription patterns between the JDS-certified and non-
certified facilities, it is of utmost importance to disseminate the
“tailored therapy” concept described in the guidelines18. To
facilitate the tailored therapy, an easy-to-understand guide
might be warranted.
The remarkable increase in SGLT2 inhibitor prescription

regardless of the presence or absence of IHD is an intriguing
finding. A recent meta-analysis of randomized controlled trials
showed robust benefits of SGLT2 inhibitors in reducing risks
for heart failure and kidney disease regardless of existing
CVD29. Furthermore, in a multinational cohort study including
Japanese participants, CKD was reported to be the most fre-
quent first cardiorenal event followed by heart failure in type 2
diabetes patients30. These data would support the remarkable
increase in SGLT2 inhibitor prescription regardless of IHD for
preventing CKD and heart failure in the present study. In con-
trast, GLP-1 receptor agonists remained the least prescribed
regardless of IHD. The main reason is that only GLP-1 recep-
tor agonists for subcutaneous injection were available in Japan
during the study period. Therefore, most physicians might have
considered GLP-1 receptor agonists as a second-line or later-
line therapy after the initial choice of biguanides or SGLT2
inhibitors, or as an alternative drug to DPP4 inhibitors in case
adequate glycemic control was not achieved.
Regarding geographical variation, there were significant regio-

nal differences in the prescriptions of biguanides and DPP4
inhibitors. In particular, prescriptions in Okinawa were distinc-
tive (biguanide was more frequently prescribed, whereas DPP4
inhibitor was less frequently prescribed than that in other pre-
fectures). These findings are consistent with a previous report
from England31. The high prevalence of obesity32 and the low
wage33 in Okinawa compared with those in other prefectures
might influence physicians’ choice of antidiabetic drugs, leading
to the high prescription rate of biguanides.
We also found that patients belonging to NHI were more

likely to be treated with DPP4 inhibitors and sulfonylureas, and
were less likely to be treated with biguanides and SGLT2 inhi-
bitors than those belonging to other insurances. As NHI covers
the self-employed, unemployed and retired persons aged
≤75 years, the percentage of healthy workers who are consid-
ered as good candidates for metformin and SGLT2 inhibitors

enrolled in the NHI might be low compared with that in other
insurances, presumably affecting the drug selection.
A previous retrospective study from the USA found evidence

of increasing comorbidities paralleled by large increases in costs
for medical services, but less for prescriptions in patients with
type 2 diabetes34. We found that patients with biguanides had
the lowest total medical expenses, even after adjusting for age
and covariates, including IHD and CKD, which might show
the superiority of biguanides over other drugs from a health
economics perspective. Patients taking newer antidiabetic drugs
(DPP4 inhibitors, SGLT2 inhibitors and GLP-1 receptor ago-
nists) incurred higher costs than patients taking biguanides.
Considering the present data and the limited evidence in car-
diorenal protection for these drugs in Asian patients to date, it
would be reasonable to consider biguanides’ use in favor of the
expected benefits, safety and total medical costs.
We evaluated almost all people who had received antidiabetic

agents in Japan during the study period. As a result, the num-
ber of patients receiving antidiabetic medication counted in the
NDB was approximately 7.5 million in 201535, which is larger
than the number of patients receiving antidiabetic medication
estimated from the National Health and Nutrition Survey
(~5.2 million)36. Therefore, whereas the National Health and
Nutrition Survey has been used as the official data source of
diabetes prevalence in Japan, we suppose that the NDB might
be a more accurate data source than the National Health and
Nutrition Survey in terms of antidiabetic medication prevalence,
owing to its comprehensive data collection and supposedly
accurate prescription information, although the problem of
patient identification technique should be addressed.
The present study also had some limitations. First, the defini-

tion of diabetes was based on diagnosis codes and medication
on the claims. Second, the NDB did not include any laboratory
data, including HbA1C. Third, we were unable to determine the
occurrence of CVD and include its cost in the total medical
expenses. Fourth, data regarding safety (i.e., episodes of hypo-
glycemia) were unavailable. Fifth, information on obesity was
unavailable. Finally, the target HbA1C levels, patient preference
and comorbidities could have affected the physicians’ decision
for multidrug diabetes treatment.
In conclusion, DPP4 inhibitor is the most commonly pre-

scribed first-line medication for type 2 diabetes patients in
Japan, although there is a wide variation in the drug choice by
facility type and prefecture. Further studies are required to clar-
ify which medication is efficacious for glycemic control and the
prevention of individual Japanese patients’ complications, and
improving the guideline for personalized diabetes care.
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Appendix S1 | Supporting information on methods

Table S1 | Initial prescriptions of biguanides, dipeptidyl peptidase-4 inhibitors, sodium–glucose cotransporter 2 inhibitors and sul-
fonylureas by prefecture

Table S2 | Prescriptions of sodium–glucose cotransporter 2 inhibitors and glucagon-like peptide-1 receptor agonists among patients
with and without ischemic heart disease

Table S3 | Factors associated with total medical costs in the first year after the administration of antidiabetic agents

Figure S1 | Comparison of the dipeptidyl peptidase-4 inhibitor prescription rate distribution as the first-line antidiabetic medication
by facilities between the Japan Diabetes Society certified facilities and others.

Figure S2 | Comparison of the biguanide prescription rate distribution as the first-line antidiabetic medication by facilities between
the Japan Diabetes Society-certified facilities and others.

Figure S3 | Comparison of the sodium–glucose cotransporter 2 inhibitor prescription rate distribution as the first-line antidiabetic
medication by facilities between the Japan Diabetes Society-certified facilities and others.

Figure S4 | Comparison of the sulfonylurea prescription rate distribution as the first-line antidiabetic medication by facilities
between the Japan Diabetes Society-certified facilities and others.

Figure S5 | Comparison of the distribution of prescription rates as the first-line antidiabetic medication by facilities between the
Japan Diabetes Society-certified facilities and others with ≥10 patients, including only patients aged <65 years who neither had
chronic kidney disease nor underwent dialysis.
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