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ABSTRACT

Introduction: The Japanese guidelines empha-
size treatment individualization and intensifi-
cation with oral anti-diabetes drugs and
glucagon-like peptide-1 receptor agonists
(OADGs) as add-on therapy to insulin in the
management of type 2 diabetes mellitus
(T2DM). However, a step-wise treatment algo-
rithm is not clearly defined in the Japanese
guidelines. This study explores the treatment
factors and patient characteristics for selecting
the OADGs as add-on therapy to insulin from
physicians’ perspectives in a real-world setting
in Japan.
Methods: This web-based survey comprised a
questionnaire designed for physicians

(diabetologists with board certification and gen-
eral physicianswithout board certification) across
Japan. The primary endpoint was the proportion
of treatment factors and patient characteristics
influencing the selection of OADGs as add-on
therapy to insulin by the physicians.
Results: In total, 549 physicians participated.
The mean number of patients treated with
insulin by diabetologists (102.2 ± 91.2) in the
past 6 months was higher than the number by
general physicians (35.1 ± 44.3). The dipeptidyl
peptidase-4 (DPP-4) inhibitors were the most
frequently prescribed OADGs as add-on therapy
to insulin types among the physicians
(75.4–88.2%), followed by metformin
(65.2–76.3%). The treatment factors influencing
the choice of a DPP-4 inhibitor were glycated
hemoglobin (HbA1c) and postprandial glucose
(PPG) lowering effect, frequency of administra-
tion, effect on glucagon, and ease of use in
patients with renal or liver impairment. For
metformin, cost-effectiveness was the key
deciding factor. The patient characteristics for
the choice of DPP-4 inhibitors among dia-
betologists were predominantly PPG, concern
about hypoglycemia, diabetes complications,
and adherence to diet and exercise. For met-
formin, it was age, body mass index (BMI),
insulin resistance, renal and liver function, and
economic status of the patients.
Conclusion: DPP-4 inhibitors, followed by
metformin, were the most frequently prescribed
OADGs in combination with insulin in a real-
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world setting in Japan. The diabetologists con-
sidered more drug characteristics for DPP-4
inhibitor or metformin-insulin combinations.
The treatment factors and patient characteris-
tics for the choice of DPP-4 inhibitors and
metformin were comparable across different
insulin types.
Funding: Novartis Pharma K.K.

Keywords: Diabetologists; Dipeptidyl peptidase-
4 inhibitor; General physicians; Insulin;
Japanese patients; Metformin; Questionnaire;
Type 2 diabetes mellitus; Web-based survey

INTRODUCTION

The increasing prevalence of type 2 diabetes
mellitus (T2DM) has recently placed Japan
among the top five countries worldwide with
approximately 7.2 million affected individuals,
along with an estimated healthcare expenditure
of 28 billion international dollars as described
in the IDF Diabetes Atlas, 8th Edition [1] and
reported to reach 10.0 million by the Ministry
of Health, Labor, and Welfare. Impaired insulin
secretion and increased insulin resistance are
critical pathophysiologic characteristics among
Japanese patients with T2DM compared with
Caucasians [2–4]. The progressive nature of
T2DM associated with the loss of b-cell function
results in deterioration of glycemic control,
which entails treatment intensification with a
combination of oral anti-diabetes drugs and
glucagon-like peptide-1 receptor agonists
(OADGs), and eventually insulin treatment [5].
The use of insulin has become quite prevalent
in the Japanese population, with * 30% of
patients receiving insulin either as a
monotherapy or in combination with other
OADGs [5–8]. Despite the availability of several
OADGs and the increased use of insulin, most
patients still fail to achieve glycemic control
goals, which might possibly be due to increased
risk of hypoglycemia, weight gain, and insuffi-
cient social support for the use of insulin,
especially for patients with dementia or fear of
injectables [8, 9]. Hence, improvement in gly-
cemic control without increasing the risk of
hypoglycemia and weight gain is required when

using OADGs in combination with insulin. The
Japanese Diabetes Society (JDS) and the Ameri-
can Diabetes Association/European Association
for the Study of Diabetes (ADA/EASD) guideli-
nes recommend treatment individualization
and intensification with OADGs in combina-
tion with insulin for the treatment of T2DM
[2, 10]. However, a step-wise algorithm for
treatment intensification is not clearly defined
in the JDS guideline. Under this circumstance,
for the physicians (diabetologists with board
certification and general physicians without
board certification) to make the right decision
about the choice and sequence of treatment
regimen is challenging, in particular for general
physicians, considering diverse factors such as
age, co-existing illnesses, and body weight.
Moreover, comorbidities resulting in polyphar-
macy, altered lifestyle, minimal patient-physi-
cian interaction, and complexity of the disease
also pose additional barriers [11]. Hence, it is
important to understand the physicians’ per-
spectives when selecting the OADGs as add-on
therapy to insulin in patients with T2DM.

Despite the increase in the number of
OADGs available and recommendations on
treatment individualization, there are limited
data on the treatment factors or patient char-
acteristics that influence a physician’s decision
when prescribing medications in patients with
T2DM in real-world clinical practice. The pre-
sent non-interventional online survey was
designed to understand these factors affecting
the choice of OADGs as add-on therapy to
insulin and the rationale behind it from the
physicians’ perspective in Japan.

METHODS

Study Design

This non-interventional study includes an
online web-based quantitative survey with a
questionnaire for physicians consisting of sim-
ple, focused, multiple choice questions, with no
possibility to post free text comments. The
questions included in the survey covered the
physician profile, number of patients treated
under each insulin type, choice of OADGs used
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as combination therapy with each insulin type,
and reasons for treatment choice (including
drug characteristics and patients’ profile). No
therapy protocol, diagnostic/therapy procedure,
or visit schedule was followed in the survey. The
physicians were invited through the M3 website
and screened by a set of questions such as
number of patients with T2DM, proportion of
professional time spent in patient care, and so
on. The survey length was capped at 25 min to
maximize respondent participation and mini-
mize dropout rates.

Physicians Recruited for the Survey

We projected that approximately 40% of the
physicians (n = 192) would select the most fre-
quent drug of choice. Among them, it was
assumed that physicians would select each factor
ranging from 20% to 50%. A half-width of 95%
confidence interval (CI 4.7–5.8%) was set to pro-
vide a range of 10% for the estimate. Therefore,
approximately 480 physicians (diabetologists
with board certification and general physicians
without board certification) from eight different
regions across Japan (Hokkaido, Tohoku, Kanto,
Chubu, Kinki, Chugoku, Shikoku, and Kyushu)
were planned to be included in the study. Selec-
tion of the physicians was random across Japan,
and no regional bias was involved. The diabetol-
ogists were physicians who were certified by the
Japan Diabetes Society (JDS) board and defined as
group1afterwards. The general physiciansmostly
included primary care physicians, general practi-
tioners, internists, and cardiologists and were
defined as group 2 afterwards. The participating
physicianswere required tohave spentmore than
50% of their professional time in direct patient
care and should have personally treated at least
150 patientswith T2DMand prescribed insulin in
the past 6 months.

Study Assessments

The primary endpoint was to identify the deci-
sion-making factors chosen for prescribing
OADGs to be used in combination with insulin
types (basal, pre-mix, rapid/ultra-rapid, and
intensive). Secondary endpoints included the

proportion of each OADG selected prior to
insulin treatment.

Data Management and Statistical Analysis

The survey data were collected by M3 Global
Research in Japan. The web-based questionnaire
was used as a data source for the study. A statis-
tical tool and programming language such as
quantum was used for data management and
protection. Categorical variables were presented
as raw numbers and proportions and continuous
variables as mean, standard deviation, 25th per-
centile, median, 75th percentile, and minimum
and maximum values based on the distribution.
Regression analyses using the Statistical Package
for Social Sciences (SPSS) (IBM� SPSS� Statistics,
Version 24) were used to understand the reasons
for the choice of different OADGs by physicians.
Multinomial logistic regressionwasused toassess
the odds ratio (OR), taking the most frequently
selected OADG as an add-on to insulin therapy
and comparing it with the second most fre-
quently prescribed OADG.

Compliance with Ethics Guidelines

The study was conducted in accordance with
the Ethical Guidelines for Medical and Health
Research Involving Human Subjects (the Min-
istry of Education, Culture, Sports, Science and
Technology, and the Ministry of Health, Labor
and Welfare, Japan) and with the 1964 Helsinki
declaration and its later amendments or com-
parable ethical standards. The study protocol
was reviewed and approved by a central ethics
committee in Osaka, Japan.

RESULTS

Background Characteristics of Physicians
Participating in the Survey

A total of 260 diabetologists with board certifi-
cation (group 1) and 289 general physicians
(group 2) participated in the online survey.
Physicians’ background details and geographi-
cal distributions are presented in Table 1. The
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mean number of patients with T2DM treated
with insulin in the past 6 months was higher for
group 1 (102.2 ± 91.2) compared with group 2
(35.1 ± 44.3). Group 1 had more hospital-based
practice settings compared with group 2. Group
2 subjects were mostly internists (48.1%), car-
diologists (21.5%), or primary care physi-
cians/general physicians (20.1%) (Table 1).

Choice of OADGs in Combination
with Insulin

DPP-4 inhibitors were the most frequently pre-
scribed OADG by both group 1 and group 2 as
add-on to insulin therapy (average of all insulin
types; 80.4%), followed by metformin (70.2%)
and sodium-glucose co-transporter-2 (SGLT-2)
inhibitors (41.5%). Approximately 20–30% of
patients were prescribed glinides or alpha-glu-
cosidase inhibitors in combination with insulin
as potentially prescribed OADGs. There was no
difference in selecting the most frequently pre-
scribed OADGs between group 1 and group 2.
Details of OADGs prescribed in combination
with each type of insulin (all applicable) are
described in Table 2a and the most frequently
prescribed OADGs are presented in Table 2b. As
DPP-4 inhibitors and metformin were the most
frequently prescribed medications, henceforth
in the article we focus our discussion predomi-
nantly on these two oral anti-diabetes drugs
(OADs).

Expectations on Reducing Insulin Dosage
or Injection Frequency with OADs

About 93% of group 1 expected to reduce the
insulin dosage or injection frequency with the
addition of DPP-4 inhibitors, whereas about
94% among group 2 expected to reduce as well.
However, the expectation of reduction in dos-
ing or injection frequency with a metformin
and basal insulin combination was higher
among group 1 than group 2 (91.1% versus
84.3%, respectively) (Supplementary Table 1).

Table 1 Responders’ backgrounds—physicians treating
patients on insulin combinations

Group 1
(n = 260)

Group 2
(n = 289)

Age, years 48.0 ± 9.5 51.4 ± 9.3

Time spent in

patient care, %

89.2 ± 11.2 91.0 ± 9.7

Practice setting, n (%)

Hospital based 204 (78.5) 173 (59.9)

Office based 56 (21.5) 116 (40.1)

Medical specialty, n (%)

PCP/GP 6 (2.3) 58 (20.1)

Internist 28 (10.8) 139 (48.1)

Diabetologist 203 (78.1) 21 (7.3)

Endocrinologist 17 (6.5) 9 (3.1)

Cardiologist 6 (2.3) 62 (21.5)

Time in clinical

practice, years

16.8 ± 8.8 22.2 ± 9.3

Region, n (%)

Hokkaido 18 (6.9) 19 (6.6)

Tohoku 11 (4.2) 19 (6.6)

Kanto 81 (31.2) 97 (33.6)

Chubu 49 (18.8) 43 (14.9)

Kinki 37 (14.2) 52 (18)

Chugoku 14 (5.4) 12 (4.2)

Shikoku 19 (7.3) 12 (4.2)

Kyushu 31 (11.9) 35 (12.1)

Number of

patients treated

with insulin in

the last

6 months

102.2 ± 91.2 35.1 ± 44.3

All values are mean ± SD or n (%)
GP general practitioner, PCP primary care physician, SD
standard deviation
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Table 2 Physicians choice of OADGs in combination with each type of insulin

Drugs, n (%) Basal insulin Pre-mixed insulin Rapid/ultra-rapid
insulin

Intensive insulin

All physiciansa

(n = 549)
All physiciansa

(n = 549)
All physiciansa

(n = 549)
All physiciansa

(n = 549)

(a) All applicable

DPP-4 inhibitors 484 (88.2) 444 (80.9) 424 (77.2) 414 (75.4)

Metformin 419 (76.3) 392 (71.4) 372 (67.8) 358 (65.2)

SGLT-2 Inhibitors 257 (46.8) 214 (39.0) 216 (39.3) 224 (40.8)

Alpha-GI 198 (36.1) 164 (29.9) 137 (25.0) 135 (24.6)

SU 160 (29.1) 116 (21.1) 116 (21.1) 80 (14.6)

GLP-1 RA 149 (27.1) 94 (17.1) 98 (17.9) 108 (19.7)

Glinides 124 (22.6) 69 (12.6) 36 (6.6) 26 (4.7)

TZD 78 (14.2) 76 (13.8) 61 (11.1) 60 (10.9)

None of them (insulin dose

adjustment only)

10 (1.8) 32 (5.8) 39 (7.1) 55 (10.0)

Average number of drugs as

combination therapy with

insulin

3.4 ± 1.5 2.9 ± 1.5 2.7 ± 1.4 2.6 ± 1.5

Drugs, n (%) Basal insulin Pre-mixed insulin Rapid/ultra-rapid insulin Intensive insulin
All physiciansa

(n = 539)
All physiciansa

(n = 517)
All physiciansa

(n = 510)
All physiciansa

(n = 494)

(b) Frequently used

DPP-4 inhibitors 282 (52.3) 259 (50.1) 243 (47.6) 233 (47.2)

Metformin 160 (29.7) 171 (33.1) 174 (34.1) 159 (32.2)

Alpha-GI 24 (4.5) 27 (5.2) 27 (5.3) 28 (5.7)

SGLT-2 Inhibitors 23 (4.3) 24 (4.6) 30 (5.9) 37 (7.5)

SU 19 (3.5) 13 (2.5) 11 (2.2) 9 (1.8)

Glinides 15 (2.8) 9 (1.7) 8 (1.6) 4 (0.8)

GLP-1 RA 12 (2.2) 12 (2.3) 13 (2.5) 18 (3.6)

TZD 4 (0.7) 2 (0.4) 4 (0.8) 6 (1.2)

All values are mean ± SD or n (%)
DPP-4 dipeptidyl peptidase-4, GI glucosidase inhibitor, GLP-1 RA glucagon-like peptide-1 receptor agonist, OADG oral
anti-diabetes drugs and glucagon-like peptide-1 receptor agonist, SGLT-2 sodium-glucose co-transporter-2, SU sulfonylurea,
TZD thiazolidinedione
a Group 1 plus group 2
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Treatment Factors Affecting the Drug
Choice for Combination Therapy
with Insulin

The glycated hemoglobin (HbA1c) lowering
effect, post-prandial glucose (PPG) lowering
effect, and low risk of hypoglycemia were the
top three treatment factors driving the selection
of a DPP-4 inhibitor among the group 1 and
group 2 subjects combined across all four types
of insulin. Both group 1 and group 2 opted for
low cost, improvement in insulin resistance,
and high scientific evidence as common treat-
ment factors in addition to the HbA1c-lowering
effect for selecting metformin (Table 3a, b).
Data presented here were obtained only from
those physicians who intended to choose DPP-4
inhibitors or metformin as the first-line choice
for add-on to insulin therapy.

Perspectives of Diabetologists and General
Physicians

Treatment factors affecting the choice of either
DPP-4 inhibitors or metformin as add-on to
insulin therapy are described in Table 3a, b.
Overall, there was no major difference in factors
considered for add-on among all insulin types
between group 1 and group 2. The most com-
mon treatment factors considered for addition
of DPP-4 inhibitor to all insulin types compared
with metformin were, for example, the PPG-
lowering effect, effect on glucagon, and ease of
use in patients with renal impairment among
group 1 and group 2 subjects. Similarly, for
addition of metformin compared with DPP-4
inhibitors, factors such as improvement in
insulin resistance, high scientific evidence, and
low cost were selected.

Regression Analysis for Drug Features
Affecting Selection of DPP-4 Inhibitors
or Metformin

The odds ratios (ORs) between DPP-4 inhibitors
and metformin as first-line add-on to insulin
therapy considering drug factors are presented
in Table 4a, b. The data represent a pool of
major driving factors selected by group 1 and

group 2. In general, factors such as the HbA1c/
PPG-lowering effect, effect on glucagon, fre-
quency of administration, and ease of use in
patients with renal impairment or liver dys-
function were the main drivers for selecting
DPP-4 inhibitors by both group 1 and group 2
(Table 4a, b, respectively). PPG-lowering effect
was selected mostly by group 1 for basal and
pre-mixed insulin combinations. For selection
of metformin, cost effectiveness was the major
driver. An overall regression analysis on treat-
ment factors affecting choice of drugs (DPP-4
inhibitors and metformin) demonstrated that
group 1 tended to consider more treatment
factors (14 compared with 10 characteristics
considered by group 2) when combining insulin
with DPP-4 inhibitors. Low cost for all insulin
types was the major drug feature considered by
the physicians when considering metformin for
insulin combination.

Patient Characteristics Affecting
the Treatment Choice for Combination
Therapy with Insulin

Patient characteristics affecting treatment
choices (DPP-4 inhibitors or metformin) for
combination therapy with insulin are described
in Table 5. For DPP-4 inhibitors, both group 1
and group 2 together considered PPG (50.6%) as
the preferred patient feature for combination
with all types of insulin, followed by concern
about hypoglycemia (50.2%). For metformin,
patient features such as age (65.6%), body mass
index (BMI) (63.4%), insulin resistance (51.4%),
renal function (63.1%), and economic status of
patients (33.9%) were considered by both group
1 and group 2 for combining with all insulin
types. Data captured on the choice of patient
features for administration of DPP-4 inhibitors
or metformin were overall similar between
group 1 and group 2.

DISCUSSION

The primary objective of this non-interven-
tional study was to identify pertinent factors
that affect the selection of OADGs for combi-
nation therapy with insulin in patients with
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Table 3 Treatment factors influencing choice of a DPP-4 inhibitor or metformin

Treatment factors Basal Pre-mixed Rapid/ultra-rapid Intensive

DPP-4i
(n = 122)
(%)

Met
(n = 90)
(%)

DPP-4i
(n = 109)
(%)

Met
(n = 98)
(%)

DPP-4i
(n = 102)
(%)

Met
(n = 101)
(%)

DPP-4i
(n = 102)
(%)

Met
(n = 93)
(%)

(a) Group 1

HbA1c-lowering effect 91.0 91.1 89.0 86.7 88.2 91.1 90.2 87.1

PPG-lowering effect 87.7 62.2 86.2 66.3 81.4 62.4 83.3 64.5

Low risk of hypoglycemia 83.6 70.0 72.5 68.4 72.5 72.3 75.5 69.9

No body weight gain 72.1 78.9 67.0 78.6 65.7 79.2 72.5 82.8

FPG-lowering effect 70.5 76.7 69.7 77.6 70.6 82.2 69.6 81.7

Beta cell function protection 68.0 58.9 58.7 59.2 62.7 52.5 60.8 54.8

Effect on glucagon 64.8 38.9 62.4 38.8 59.8 38.6 62.7 35.5

Easy to use for patients with
renal impairment

56.6 15.6 57.8 13.3 58.8 10.9 55.9 8.6

Frequency of administration 54.1 24.4 47.7 24.5 49.0 21.8 50.0 23.7

Effect on insulin 50.0 51.1 46.8 43.9 48.0 44.6 48.0 44.1

CV benefit 47.5 63.3 44.0 51.0 42.2 48.5 50.0 57.0

Low risk of GI side effects 45.1 20.0 44.0 18.4 43.1 15.8 44.1 17.2

Easy to use for patients with
liver dysfunction

42.6 15.6 38.5 16.3 40.2 14.9 48.0 15.1

Insulin resistance
improvement

41.8 87.8 45.0 87.8 53.9 84.2 48.0 89.2

High scientific evidence 41.8 81.1 35.8 77.6 43.1 75.2 43.1 71.0

Low cost 17.2 87.8 17.4 84.7 20.6 86.1 21.6 90.3

Treatment factors Basal Pre-mixed Rapid/ultra-rapid Intensive

DPP-4i Met DPP-4i Met DPP-4i Met DPP-4i Met
(n = 160) (%) (n = 70) % (n = 150) % (n = 73) % (n = 141) % (n = 73) % (n = 131) % (n = 66) %

(b) Group 2

HbA1c-lowering effect 91.3 85.7 89.3 84.9 90.1 84.9 88.5 86.4

PPG-lowering effect 85.6 67.1 83.3 72.6 85.1 71.2 84.7 74.2

Low risk of hypoglycemia 71.3 74.3 73.3 71.2 76.6 69.9 71.0 68.2

No body weight gain 56.9 74.3 53.3 67.1 54.6 76.7 57.3 74.2

FPG-lowering effect 70.6 72.9 74.7 74.0 72.3 71.2 71.8 72.7

Beta cell function protection 65.6 60.0 61.3 50.7 58.9 56.2 61.1 57.6

Effect on glucagon 51.9 28.6 55.3 23.3 51.1 23.3 55.7 31.8

Easy to use for patients
with renal impairment

50.0 15.7 53.3 9.6 52.5 12.3 54.2 10.6

Frequency of administration 54.4 22.9 55.3 15.1 50.4 12.3 49.6 12.1

Effect on insulin 40.6 37.1 44.0 28.8 40.4 32.9 47.3 39.4

CV benefit 48.1 57.1 47.3 50.7 51.1 45.2 48.9 48.5

Low risk of GI side effects 52.5 21.4 50.0 15.1 51.1 15.1 46.6 19.7

Easy to use for patients
with liver dysfunction

45.0 18.6 44.7 15.1 44.7 16.4 41.2 16.7

Insulin resistance improvement 52.5 85.7 52.7 79.5 53.2 82.2 54.2 84.8

High scientific evidence 43.1 74.3 38.7 67.1 37.6 63.0 37.4 68.2

Low cost 16.3 84.3 17.3 86.3 18.4 83.6 19.1 84.8

Treatment factors favoring insulin combination therapy are highlighted for DPP-4 inhibitors (italics) and metformin (bold)
CV cardiovascular, DPP-4i dipeptidyl peptidase-4 inhibitor, FPG fasting plasma glucose, GI gastrointestinal, HbA1c glycated hemoglobin, Met metformin,
PPG post-prandial glucose
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T2DM to understand the drug features and
physicians (diabetologists and general physi-
cians) perspective behind selecting the treat-
ment regimen in a real-world setting in Japan.
The findings from the survey show that DPP-4
inhibitors followed by metformin were the pri-
mary preferred choice of add-on treatment to
insulin by physicians in Japan.

Response to the survey questionnaire
revealed that for both group 1 and group 2,
DPP-4 inhibitors have an edge over metformin
due to factors such as the PPG-lowering effect,
effect on glucagon, and ease of use in patients
with renal impairment. The PPG-lowering effect
was selected mostly by group 1 compared with
group 2, possibly because of the known effec-
tiveness of DPP-4 inhibitors in lowering PPG.
Metformin was rated higher for improvement in
insulin resistance, scientific evidence, and low
cost by group 2. Furthermore, regression anal-
ysis demonstrated that group 1 tended to con-
sider more factors to combine DPP-4 inhibitors
or metformin with insulin compared with
group 2. Except for this observation, there was
no major difference between diabetologists and
general physicians concerning the OADG
choice and background thoughts, which
implies that general physicians can be respon-
sible for selecting OADG to combine with
insulin.

SGLT-2 inhibitor, glinides, and alpha-GI
were frequently combined with insulin when
physicians selected all applicable OADGs. This
observation could come from the possibility
that more than two OADGs are combined with
insulin in the real-world clinical setting. The
expectations for reducing the insulin dosage or
injection frequency with DPP-4 inhibitors and
metformin were different between group 1 and
2; the latter are assumed to be unaware of dif-
ferent insulin types apart from basal. This could
lead to potential variations between group 1
and group 2 in expecting a reduced insulin
dosage or injection frequency with metformin.

The reason for DPP-4 inhibitors being pre-
scribed the most frequently could be the low
risk of hypoglycemia along with weight neutral
effects, which are the most common adverse
effects with insulin treatment. Additionally,
this could be because of the better glucose-

lowering efficacy with DPP-4 inhibitors in
studies involving[ 50% Asian populations as
demonstrated in a recent meta-analysis [12].
Furthermore, under hypoglycemic conditions,
DPP-4 inhibitors are known to induce glucose-
dependent insulinotropic polypeptide (GIP)
mediated augmentation of glucagon secretion,
which could be a plausible defense mechanism
against hypoglycemia, whereas under high
glucose levels, DPP-4 inhibitors suppress gluca-
gon secretion. Through these effects on gluca-
gon dynamics, the potential usefulness of DPP-4
inhibitors as add-on therapy to insulin is sup-
ported in several studies [13, 14]. The increased
rate of prescribing DPP-4 inhibitors recently in
Japan [15, 16] might also be one of the reasons
behind the increased frequency of DPP-4 inhi-
bitor use seen in the present study.

Patients’ age, renal function, BMI, insulin
resistance, and economic status were the main
drivers to prescribe metformin against DPP-4.
PPG and concern about hypoglycemia drove
the decision of prescribing DPP-4 inhibitors.
BMI was chosen as one of the important patient
features for using metformin although it is
effective in non-obese patients as well [17].

Metformin was considered by both group 1
and group 2 because of its cost-effectiveness and
its effect on improving insulin resistance in
patients with T2DM. The finding that met-
formin is one of the two most prevalent initial
prescriptions is in line with the treatment
algorithm recommended by the ADA and the
EASD [5] and mostly followed in Japan. In the
present study, SGLT-2 inhibitors seem to be a
preferred choice of treatment after metformin
as a combination therapy with insulin. The
reason for more prescriptions for SGLT-2 inhi-
bitors could be the low risk of hypoglycemia,
weight benefits, and their recently demon-
strated CV safety profile [18–20].

STRENGTHS AND LIMITATIONS

A major limitation of this study is its non-in-
terventional nature, in addition to information
and selection bias, and limitations of feasibility.
Lack of patient data impeded further under-
standing the consideration of T2DM duration,
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HbA1c levels at baseline, BMI, and comorbidi-
ties by physicians while prescribing an OADG as
an add-on therapy to insulin. In addition, we
focused only on DPP-4 inhibitors and met-
formin to examine factors affecting OADG
choice for combination therapy with insulin
since these drugs were predominant. Further
studies are needed to examine other drugs such
as SGLT-2 inhibitors or sulfonylurea to under-
stand factors affecting the choice of these drugs
for sophisticated diabetes treatment. Neverthe-
less, the present findings from the survey add
valuable data to the evidence base and may
provide discussion topics to consider the dif-
ference in T2DM treatment with insulin
between Japanese patients and those from other
counties.

CONCLUSION

Despite variations in perspectives with respect
to the choice of treatment factors and patient
characteristics among diabetologists and gen-
eral physicians, DPP-4 inhibitors, followed by
metformin, were the most frequently prescribed
OADs as add-on therapy to all insulin types
across Japan. Further studies are warranted to
test the potential of other OADGs and better
understand the treatment factors and charac-
teristics of patients with T2DM.
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