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ABSTRACT

Introduction: Basal-bolus (BB) and premixed
insulin regimens may lower fasting plasma
glucose (FPG) and postprandial plasma glucose
(PPG), but are complex to use and associated

with weight gain and hypoglycaemia. Although
randomized controlled trials and prospective
observational studies in insulin-naı̈ve Japanese
patients with type 2 diabetes (T2D) inade-
quately controlled with oral antidiabetic drugs
(OADs) initiating these regimens have been
conducted, real-world data are lacking. This
study describes the characteristics of patients
initiating these regimens in routine clinical
practice and identifies the course and outcomes
of therapy in the year following initiation.
Methods: Adults with T2D initiating BB or
premixed regimens following OAD therapies
held in a Japanese electronic medical record
database were identified (2010–2019). Subco-
horts were determined by treatment changes
during B 12 months of follow-up (no change,
intensified, switched, discontinued). Outcomes
included change in glycated haemoglobin levels
(HbA1c), probability of first reaching HbA1c
\7% (stratified by baseline OAD number, HbA1c
and age), and hypoglycaemia incidence.
Results: The main cohorts comprised 1315 BB
and 1195 premixed therapy initiators. Most
individuals (67.9%) initiated BB as inpatients;
50.8% switched at a mean of 47.6 days. Mean
HbA1c lowering was – 2.5% for BB and – 1.4%
for premixed regimens (no change cohorts).
Overall, a greater proportion achieved
HbA1c\ 7% if they were (at baseline) taking
fewer OADs, in a lower HbA1c category, and
aged C 65 years. Hypoglycaemia incidence
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(\70 mg/dl) was higher with BB than premixed
regimens and lower in patients aged\65 years.
Conclusion: Greater HbA1c reductions, but a
higher incidence of hypoglycaemia, were
reported with BB versus premixed regimens,
while both cohorts demonstrated clinically
meaningful reductions in HbA1c during follow-
up. After initiation, most premixed regimens
remained unchanged, whereas switches from BB
to less intensive regimens were numerous, in
accordance with the use of BB for a limited
duration to improve FPG and PPG control.

Keywords: Basal-bolus insulin therapy; Insulin
therapy initiation; Japanese people with type 2
diabetes; Premixed insulin therapy; Real-world
study

Key Summary Points

Why carry out this study?

Japanese people with T2D have a specific
pathophysiology that directly influences
the choice and potential success of
insulin-based therapy.

Both RCTs and prospective observational
studies have previously examined the
efficacy and safety of basal-bolus or
premixed regimens in insulin-naı̈ve
Japanese patients with T2D inadequately
controlled on OADs.

This study is the first retrospective real-
world analysis of these insulin regimens in
Japanese clinical practice and provides
insight into the demographics of the
patients and effectiveness of these
interventions in routine practice.

What did the study ask?

What are the clinical characteristics and
glycaemic outcomes of insulin-naı̈ve
patients initiating basal-bolus and
premixed regimens in routine Japanese
clinical practice?

Does the clinical setting of care impact on
the initiation, durability, and
effectiveness of these therapeutic
regimens?

What was learned from the study?

Mean HbA1c was markedly elevated from
generally accepted HbA1c targets at the
point of initiation of both basal-bolus and
premixed regimens.

Both cohorts demonstrated clinically
meaningful reductions in HbA1c over the
12-months of follow-up; larger reductions
were observed in the basal-bolus cohort;
however, patients on basal-bolus regimens
were generally more likely to experience
hypoglycaemia.

Premixed regimens were most commonly
commenced in an outpatient setting with
therapy being maintained throughout the
12-month observation period, while basal-
bolus regimens were more often, but not
exclusively, initiated in a hospital setting.

We also observed that in many cases,
complex basal-bolus regimens were only
implemented for a relatively short period
of treatment, indicating a planned
approach to hyperglycaemia alleviation
before deintensifying insulin therapy.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14061143.

INTRODUCTION

Many people with type 2 diabetes (T2D), despite
increasing numbers of oral antidiabetic drugs
(OADs), cannot reach or maintain target gly-
cated haemoglobin (HbA1c). Intensification to
injectable therapies, especially insulin,
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although clinically indicated, is often delayed.
There are a number of complex and interrelated
reasons underlying this delay, which has been
termed clinical or therapeutic inertia [1, 2].
Delays in insulin initiation and optimization of
glycaemic control lead to both an increased
duration of glycaemic exposure with increased
risk of diabetic complications and a lower like-
lihood of reaching glycaemic targets with any
single-therapy intervention, such as basal insu-
lin or a glucagon-like peptide-1 receptor agonist
(GLP-1 RA) [3, 4]. This reduced response to
therapeutic intervention may reflect greater
b-cell loss due to progression of the underlying
pathophysiological mechanisms or reduced
b-cell function as a consequence of hypergly-
caemia-mediated glucotoxicity [5, 6]. This
decline in b-cell effectiveness leads to a loss of
both baseline and prandial insulin secretion,
resulting in a rise of both fasting and post-
prandial glucose levels [7, 8].

Basal insulin may help control high fasting
plasma glucose (FPG) levels by suppressing
hepatic gluconeogenesis, but it does not address
high postprandial plasma glucose (PPG) levels,
which can contribute significantly to overall
HbA1c and daily glycaemic variability, which
may lead to an increased risk of diabetic com-
plications [8, 9]. Basal-bolus (BB) and premixed
insulin (premixed) regimens that provide basal
and prandial insulins may lower FPG and PPG
levels. However, both BB and premixed regi-
mens are complex to use, involving multiple
injections aligned to mealtimes, and generally
require numerous blood glucose tests and a
high degree of patient education for dose
adjustments to optimize therapy [10]. As a
result, this may require additional costs in terms
of ongoing healthcare resource utilization to
deliver the required patient education [11, 12].
Compared with basal insulin, these regimens
are also associated with more weight gain and a
greater risk of hypoglycaemia as doses are
increased [13] and, paradoxically, may increase
glycaemic variability by inducing a cycle of
hypoglycaemia and hyperglycaemia, further
undermining patient well-being and adherence.
It has been argued that these issues are major
determinants underlying patient selection and

the therapeutic success of these regimens in
real-world clinical settings [14].

Japanese people with T2D have a specific
pathophysiology that directly influences the
choice and potential success of therapy. They
tend to be thinner than Western patients and,
although they do accumulate visceral fat,
reduced insulin secretion rather than insulin
resistance has been proposed as the major
metabolic abnormality in this patient popula-
tion [15, 16]. Japanese patients have a reduced
b-cell mass leading to a loss in first-phase insu-
lin secretion and a progressive loss of b-cell mass
amplified by reduced b-cell activity due to glu-
cotoxicity necessitates insulin replacement
therapy [17, 18]. The requirement for both
postprandial and fasting glucose control is well
recognized in Japanese patients based on the
underlying pathophysiology [17].

Studies examining the use of BB and pre-
mixed regimens in insulin-naı̈ve Japanese
patients with T2D inadequately controlled on
OADs have included randomized controlled
trials and prospective observational studies
[19–22]. The current study, which is the first
retrospective analysis of routine clinical practice
data, provides additional insights into this
patient population. The objectives of this real-
world observational study were to describe the
characteristics of Japanese patients with T2D
initiating BB or premixed regimens following
OAD therapies and to evaluate the glycaemic
outcomes.

METHODS

Study Design and Cohort Selection

This population-based, retrospective, observa-
tional cohort study used data from the RWD
database (RWD-DB) that is maintained by the
Health, Clinic, and Education Information
Evaluation Institute (HCEI, Kyoto, Japan) with
support from Real World Data Co., Ltd. (Kyoto,
Japan). The HCEI authorized the use of data for
the current study. The database contains the
electronic medical records (EMRs) and claims
data for about 20 million patients from
approximately 160 medical institutions across
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Japan (dating back to 2000). The stored infor-
mation includes demographic data, diagnoses,
prescriptions, procedures, and laboratory results
from both inpatient and outpatient services.
The data are automatically extracted from EMRs
at each institution; patient records are kept by
allocating unique identifiers for each individ-
ual, which are valid within the same institution,
to ensure anonymity.

Data from 1 January 2010 to 30 June 2019
were used in this analysis. The inclusion criteria
for the study were as follows: individuals
aged C 18 years with a confirmed diagnosis of
T2D (identified using International Statistical
Classification of Diseases and Related Health
Problems [ICD]-10 codes) receiving OAD ther-
apy who initiated BB (the BB cohort) or pre-
mixed (the premixed cohort) regimens either in
hospital (inpatients) or in the outpatient set-
ting. The index date was defined as the date of
BB or premixed therapy initiation. To be inclu-
ded in the analysis, patient data had to
extend C 1 year prior to the index date during
which no previous insulin injectable therapies
had been prescribed (Fig. 1). In addition, C 1
HbA1c measurement in the 90 days prior to the
index date and C 1 HbA1c measurement up to
360 days following the index date had to be
available. All individuals were followed up to
360 days after the index date. Patients with type
1 diabetes, gestational diabetes, or polycystic
ovarian syndrome (identified from ICD-10
codes in the EMRs or claims data) were
excluded.

The main cohort consisted of two groups of
patients: those who initiated BB therapy (basal
insulin plus separate prandial insulin injec-
tions) and those who initiated premixed ther-
apy (insulin that combines a basal and prandial
insulin in a single injection) after receiving
OADs. The analysis was conducted by examin-
ing subcohorts of patients in each group deter-
mined by whether treatment changed during
the follow-up period. These subcohorts inclu-
ded no change, intensification, switch, and
discontinuation groups. Definitions and study
designs for the subcohorts are shown in Fig. 1.

This study was approved by the Research
Institute of Healthcare Data Science (RIHDS)

ethics committee (no. RI2019008). This article
is based on an existing EMR database and does
not contain any studies with human partici-
pants or animals. The manuscript was prepared
in line with the STrengthening the Reporting of
OBservational studies in Epidemiology
(STROBE) guidelines [23].

Outcomes

The main objectives of the study were to
describe the use of premixed and BB insulin
regimens at initiation of insulin to include
baseline characteristics, influence of clinical
setting, duration of therapy, and effectiveness
of the intervention after 360 days of treatment.
The period used to collect baseline characteris-
tics was over 180 days prior to and up to the
index date. The baseline HbA1c value was
defined as the last observation within 90 days
prior to and including the index date. Gly-
caemic control was determined by the change
in HbA1c level over time. Other outcome mea-
sures included the cumulative probability of
first reaching glycaemic control (HbA1c\7%)
over 360 days following the index date. The
cumulative probability of reaching glycaemic
control was also analysed in the subcohorts of
patients stratified by the number of OADs used
at baseline, HbA1c at baseline, and age on the
index date. Safety-related outcomes included
hypoglycaemia incidence, defined as the per-
centage of patients who experienced more than
one hypoglycaemia event (blood glu-
cose\70 mg/dl).

Statistical Analyses

Baseline characteristics and change in HbA1c
over time from baseline were analysed using
descriptive statistics. The cumulative probabil-
ity of first reaching glycaemic control over time
was estimated using the Kaplan-Meier method,
and log-rank tests were used for comparison
between subcohort categories. A P value\0.05
was considered statistically significant.
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Fig. 1 Subcohort designs and definitions. BB basal-bolus insulin regimen, GLP-1 RA glucagon-like peptide-1 receptor
agonist, OAD oral antidiabetic drug, Premixed premixed insulin regimen
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RESULTS

A total of 957,411 people with T2D were iden-
tified in the RWD-DB; of these, 227,664 had
received C 1 OAD prescription. The main
cohorts analysed consisted of 1315 BB and 1195
premixed initiators who fulfilled the inclusion
criteria. A flowchart for patient inclusion is
shown in Fig. 2.

The baseline demographic and clinical
characteristics of the main BB and premixed
cohorts are shown in Table 1. The two cohorts
were similar in terms of age: mean 64.6 (stan-
dard deviation [SD] 12.0) years for BB and 65.4
(11.5) years for premixed initiators, with 53.9%
and 55.0% aged C 65 years, respectively. A total
of 34.8% of the BB cohort and 40.7% of the
premixed cohort were female. Mean (SD) HbA1c
at baseline was 9.8% (2.1%) in the BB cohort
and 9.0% (1.8%) in the premixed cohort. The

Fig. 2 Flow diagram of patient cohort selection. BB basal-
bolus insulin therapy, EMR electronic medical record,
GLP-1 RA glucagon-like peptide-1 receptor agonist,
HbA1c glycated haemoglobin, OAD oral antidiabetic drug,

PCOS polycystic ovarian syndrome, Premixed premixed
insulin therapy, T1D type 1 diabetes, T2D type 2 diabetes.
aApplies to BB cohort only. bApplies to premixed cohort
only
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Table 1 Baseline characteristics for the BB and premixed cohorts

BB cohort
(n = 1315)

Premixed cohort
(n = 1195)

Age, years 64.6 ± 12.0 65.4 ± 11.5

C 65 years, n (%) 709 (53.9) 657 (55.0)

Sex, female, n (%) 457 (34.8) 486 (40.7)

HbA1c, % 9.8 ± 2.1 9.0 ± 1.8

FPG, mg/dl 207.0 ± 85.6 180.8 ± 70.1

Duration of diabetes, years 5.1 ± 6.3 6.2 ± 6.1

BMI, kg/m2a 24.2 (4.3) 23.2 (4.2)

Comorbidity, n (%)

Hypertension 473 (36.0) 301 (25.2)

Dyslipidaemia 423 (32.2) 257 (21.5)

Obesityb 57 (4.3) 13 (1.1)

Renal impairmentc 105 (8.0) 79 (6.6)

Atherosclerotic cardiovascular diseased 473 (36.0) 314 (26.3)

Number of OADs, n (%)

1 OAD 607 (46.2) 635 (53.1)

2 OADs 408 (31.0) 352 (29.5)

C 3 OADs 300 (22.8) 208 (17.4)

Type of OAD prescribed, n (%)

Metformin 426 (32.4) 298 (24.9)

Sulfonylureas 637 (48.4) 639 (53.5)

DPP-4 inhibitors 683 (51.9) 215 (18.0)

Thiazolidinediones 179 (13.6) 211 (17.7)

SGLT-2 inhibitors 29 (2.2) 12 (1.0)

Alpha-glucosidase inhibitors 351 (26.7) 564 (47.2)

Glinides 106 (8.1) 69 (5.8)

Data are mean ± SD unless indicated otherwise
BB basal-bolus insulin, BMI body mass index, DPP-4 dipeptidyl peptidase-4, FPG fasting plasma glucose, HbA1c glycated
haemoglobin, ICD-10 International Statistical Classification of Diseases and Related Health Problems, OAD oral antidi-
abetic drug, Premixed premixed insulin, SD standard deviation, SGLT-2 sodium-glucose transport protein 2
a BMI: n = 460 for BB cohort and n = 110 for premixed cohort
b Obesity was identified by either BMI C 30 or the presence of ICD-10 codes for obesity/morbid obesity
c Renal impairment includes diabetic nephropathy, hypertensive nephrosclerosis, and chronic glomerulonephritis
d Atherosclerotic cardiovascular disease includes ischaemic heart disease, ischaemic stroke, and heart failure
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observed proportions of relevant comorbidities
were generally higher in the BB cohort than in
the premixed cohort, with rates of hyperten-
sion, dyslipidaemia, obesity, renal impairment,
and atherosclerotic cardiovascular disease being
higher in the BB cohort (hypertension was 36.0%
vs. 25.2%, dyslipidaemia was 32.2% vs. 21.5%,
obesity was 4.3% vs. 1.1%, renal impairment
was 8.0% vs. 6.6%, and atherosclerotic cardio-
vascular disease was 36.0% vs. 26.3% in the BB
vs. premixed cohorts, respectively). A higher
proportion of people commencing BB therapy
was taking C 2 OADs at baseline than those
commencing premixed therapy (53.8% of those
on BB were receiving C 2 OADs compared with
46.9% of those on premixed regimens). The
type of OAD that patients were taking differed
between the two cohorts; those initiating BB
regimens were most commonly taking a dipep-
tidyl peptidase-4 inhibitor (DPP-4) or sulfony-
lurea compared with those commencing
premixed regimens, who were more likely to be
taking a sulfonylurea or an alpha-glucosidase
inhibitor.

The baseline demographic and clinical
characteristics of the no change and change
subcohorts are shown in Table S1 in the elec-
tronic supplementary material. In the BB

cohort, 45.8% had no change, 3.5% intensified,
45.9% switched, and 4.9% discontinued ther-
apy. In the premixed cohort, 79.7% had no
change, 6.8% intensified, 4.9% switched, and
8.5% discontinued therapy.

The baseline demographic and clinical
characteristics by the inpatient and outpatient
setting of initiation are shown in the supple-
mentary material in Table S2 for the BB cohort
and Table S3 for the premixed cohort. The set-
ting of BB and premixed therapy initiation and
treatment patterns following initiation are
shown in Fig. 3. Of the BB initiators, 67.9%
initiated therapy as inpatients and 32.1% initi-
ated therapy as outpatients (Table S2). Among
the inpatients, 50.8% switched therapy, 41.0%
had no change in therapy, and rates of inten-
sification (3.2%) and discontinuation (4.9%)
were low. Among the outpatients, 35.3% swit-
ched therapy, 55.9% had no change in therapy,
and, again, rates of intensification (4.0%) and
discontinuation (4.7%) were low. Individuals
initiating BB as inpatients were older than those
receiving BB as outpatients, with a mean (SD)
age of 65.6 (11.7) years for inpatients compared
with 62.5 (12.3) years for outpatients (main
cohorts), and a higher percentage of inpatients
were aged C 65 years (57.4% of the inpatients

Fig. 3 Setting of treatment initiation and subsequent treatment. BB basal-bolus therapy, Premixed premixed therapy
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and 46.4% of the outpatients). Of the premixed
therapy initiators (Table S3), 30.3% initiated
therapy as inpatients and 69.7% initiated ther-
apy as outpatients. Among the inpatients,
79.0% had no change in therapy, and rates of
intensification (6.1%), switch (4.7%), and dis-
continuation (10.2%) were low. Among the
outpatients, 80.1% had no change in therapy,
and rates of intensification (7.1%), switch
(5.0%), and discontinuation (7.8%) were also
low. Individuals initiating premixed regimens

as inpatients were older than those initiating
premixed regimens as outpatients
(66.6 ± 11.5 years vs. 64.9 ± 11.4 years, respec-
tively), and a higher percentage of inpatients vs.
outpatients were aged C 65 years (61.0% vs.
52.3%, respectively).

Changes in HbA1c for the BB and premixed
therapy subcohorts are shown in Table 2. For
those who remained on therapy throughout the
follow-up period (the no change subcohorts),
mean HbA1c lowering was – 2.5% for BB and

Table 2 Change in HbA1c (%) from baseline in the BB and premixed subcohorts

No changec Intensification Switch Discontinuation

BB cohort (n = 602) (n = 46) (n = 603) (n = 64)

HbA1c at baseline (%) 9.8 ± 2.1

(n = 602)

9.7 ± 1.7

(n = 46)

9.9 ± 2.1

(n = 603)

10.1 ± 2.5

(n = 64)

Before changea –

(n = 602)

7.9 ± 1.8

(n = 46)

7.4 ± 1.6

(n = 312)

7.2 ± 1.5

(n = 61)

After change/end of follow-up periodb 7.3 ± 1.3

(n = 602)

7.4 ± 1.4

(n = 39)

7.1 ± 1.3

(n = 588d)

6.9 ± 1.0

(n = 39)

Difference, mean –2.5

(n = 602)

–2.3

(n = 39)

–2.8

(n = 297)

–3.2

(n = 36)

Time from index date to change date, mean [median] (days) – 150.8

[129.0]

47.6

[17.0]

105.6

[99.5]

Time from change date to end of follow-up, mean [median] (days) – 172.2

[186.5]

312.4

[343.0]

254.4

[260.5]

Time from index date to end of follow-up, mean (days) 345.1 323.1 360.0 360.0

Premixed cohort n = 953 n = 81 n = 59 n = 102

HbA1c at baseline (%) 8.9 ± 1.8

(n = 953)

8.8 ± 1.7

(n = 81)

8.9 ± 1.5

(n = 59)

9.4 ± 2.1

(n = 102)

Before changea –

(n = 952)

8.1 ± 1.3

(n = 80)

8.0 ± 1.6

(n = 58)

7.3 ± 1.4

(n = 99)

After change/end of follow-up periodb 7.5 ± 1.3

(n = 953)

7.7 ± 1.3

(n = 73)

7.5 ± 1.2

(n = 56)

7.6 ± 1.9

(n = 72)

Difference, mean –1.4

(n = 952)

–1.1

(n = 72)

–1.4

(n = 55)

–1.8

(n = 69)

Time from index date to change date, mean [median] (days) – 185.6

[186.0]

176.6

[161.0]

109.0

[106.5]

Time from change date to end of follow-up, mean [median] (days) – 137.3

[135.0]

183.4

[199.0]

251.0

[253.5]

Time from index date to end of follow-up, mean (days) 352.1 322.9 360.0 360.0

BB basal-bolus insulin, HbA1c glycated haemoglobin, Premixed premixed insulin, SD standard deviation
a Before change is defined as the last date between the index date and change date for the change cohorts
b After change is defined as the last date between the change date and follow-up period for the change cohorts
c For the no change group, before change is defined as the nearest date’s value to the index date, and after change is the last date of the follow-up period
d The number of patients increased based on the fact that medical follow-up time before switching is approximately 17 days, and the next HbA1c value is
often measured soon after the switch
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Fig. 4 Overall cumulative probability of first reaching
HbA1c\ 7% within 12 months following the index date
in the no change cohorts (a, b), by number of OADs (c,

d), by HbA1c groups (e, f), by age (g, h). BB basal-bolus
insulin, HbA1c glycated haemoglobin, OAD oral antidia-
betic drug, Premixed premixed insulin
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– 1.4% for premixed therapy. Kaplan-Meier
curves representing the cumulative probability
during the follow-up period of first reaching
HbA1c\ 7% in the no change subcohorts are
shown in Fig. 4a and b. The cumulative proba-
bility of first reaching HbA1c\7% in the no
change cohorts by baseline characteristics is
shown in Fig. 4c–h. After receiving 1, 2, or C 3
OADs at baseline, an HbA1c target\ 7% was
achieved by 74%, 69%, and 61% of patients
who initiated BB, and 66%, 60%, and 50% of
patients who initiated premixed regimens,
respectively. With a baseline HbA1c C 7 to\
8%, C 8 to\ 9%, or C 9%, an HbA1c tar-
get\7% was achieved by 78%, 69%, and 65%

of patients who initiated BB and 75%, 59%, and
51% of patients who initiated premixed regi-
mens, respectively. In both the BB and pre-
mixed cohorts, a greater proportion of people
achieved HbA1c\7% if they were taking fewer
OADs (Fig. 4c, d), were in a lower HbA1c cate-
gory (Fig. 4e, f), and were older
(aged C 65 years; Fig. 4g, h) at baseline. An
HbA1c target\ 7% was achieved by 63% of
patients aged\ 65 years and 75% of those
aged C 65 years who initiated BB regimens and
55% of patients aged\65 years and 67% of
those aged C 65 years who initiated premixed
regimens. For the subcohorts that included a
change to therapy, the cumulative probability

Fig. 5 Incidence of hypoglycaemia according to available
recorded blood glucose\ 70 mg/dla in a the subcohorts
and b by age (\ 65 and C 65 years) in the subcohorts. BB

basal-bolus insulin, Premixed premixed insulin. aMeasure-
ment of fasting, non-fasting, and unknown blood glucose
values are included in the analysis
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of first reaching HbA1c\7% from the index
date to the change date is shown in the sup-
plementary material in Fig. S1a and b.

The overall incidence of hypoglycaemia (the
percentage of patients who had C 1 hypogly-
caemia event based on available recorded blood
glucose level\70 mg/dl) in the main cohorts
was 20.0% with BB and 15.7% with premixed
therapy. The overall incidence of hypogly-
caemia was generally lower in those
aged\65 years (16.0% with BB and 11.8% with
premixed regimens) compared with those
aged C 65 years (23.4% with BB and 18.8% with
premixed regimens). The highest incidence of
hypoglycaemia was seen in patients
aged C 65 years receiving BB (23.4%), and the
lowest incidence was seen in patients
aged\65 years receiving premixed regimens
(11.8%). The incidence of hypoglycaemia in the
subcohorts (from the index date to the end of
follow-up in the no change subcohort, and from
the index date to the change date in the
intensification, switch and discontinuation
subcohorts) and by age (\ 65 and C 65 years) is
shown in Fig. 5.

DISCUSSION

This population-based, retrospective, observa-
tional cohort study used real-world data from
EMRs and claims to explore the characteristics
and glycaemic responses, over a 12-month per-
iod of Japanese people with T2D who com-
menced BB or premixed regimens following
OAD therapies. The present study is the first
retrospective analysis of these regimens in this
population and provides insight into their
effectiveness and safety in a real-world setting.

BB and premixed regimens were initiated for
Japanese patients with T2D when baseline
HbA1c was significantly elevated compared
with Japan Diabetes Society (JDS) and American
Diabetes Association (ADA)/European Associa-
tion for the Study of Diabetes (EASD) recom-
mended targets [24, 25]. Despite basal insulin
being typically recommended as the first-line
insulin therapy in T2D, data from the current
study suggest that there is a proportion of
Japanese patients where a clinical decision is

made (possibly based on high HbA1c levels)
that basal insulin may be inadequate treatment
and will not deliver target HbA1c. For these
patients, a more aggressive dual intervention
using basal and prandial insulin that targets
both fasting and postprandial glucose levels is
selected by clinicians. It has been recommended
that BB or premixed regimens should be con-
sidered in insulin-naı̈ve patients with T2D when
HbA1c is[8.5% [26].

A recently published study of basal insulin
and GLP-1 RA therapy in the same database
population showed 3477 patients commencing
basal insulin over the same time period. Based
on the present study, BB and premixed regi-
mens are relatively common in insulin-naı̈ve
Japanese people with T2D [27].

In this study, compared with people receiv-
ing premixed regimens, those receiving BB
therapy had a higher baseline HbA1c (mean
HbA1c was 9.8% with BB vs. 9.0% with pre-
mixed regimens) and a shorter disease duration
(mean duration was 5.1 years with BB vs.
6.2 years with premixed regimens). We
observed that those in the BB cohort were more
likely to have comorbidities of interest, repre-
senting a higher cardiovascular risk, and that
those commencing BB regimens were more
likely to be on multiple OADs at baseline. Fur-
thermore, the predominant types of OADs var-
ied considerably between the cohorts, with the
use of newer oral therapies such as DPP-4 inhi-
bitors being more prevalent in the BB cohort.
This suggests that the clinicians managing these
patients may be working in different settings
(e.g., hospital vs. primary care) and/or may have
different biases for certain medication types. We
observed relatively low rates of metformin use
across both cohorts, despite this generally being
recommended as a first-line oral agent in T2D
internationally [25, 28]. This may not be the
case in Japanese practice [29]. The variance
between the two cohorts in baseline character-
istics may indicate that BB regimens tend to be
used where disease progression is more aggres-
sive (i.e., with higher HbA1c over a similar
duration of disease) and the patient is at greater
risk of complications.

While both BB and premixed regimens
resulted in impressive and clinically meaningful
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HbA1c reductions, patients receiving BB ther-
apy experienced greater HbA1c reductions and
achieved an HbA1c\7% more quickly than
those receiving premixed therapy; furthermore,
a higher proportion of those initiated on BB
regimens reached an HbA1c target\ 7% (69%
of those receiving BB vs. 62% of those receiving
premixed regimens). The highest probability of
reaching target HbA1c was in the first 3 months
of treatment. However, a higher incidence of
hypoglycaemia was typically observed with BB
than with premixed regimens, as would be
expected with the more aggressive glucose-
lowering approach [13]. We observed that the
incidence of hypoglycaemia was higher in
patients aged C 65 years than in those
aged\65 years.

Predictably, patients were more likely to
reach an HbA1c\ 7% with either BB or pre-
mixed regimens if they were taking fewer OADs
or had a lower HbA1c at baseline. Perhaps
unexpectedly, we observed that patients who
were aged C 65 years at baseline also had an
increased chance of reaching HbA1c\ 7%
compared with those aged\65 years, irrespec-
tive of the treatment cohort. This is of interest
as guidelines recommend individualization of
HbA1c targets and less aggressive targets would
generally be considered in older people with
T2D given the increased risk of hypoglycaemia-
related complications. This result may reflect
that older people have better treatment adher-
ence relative to their younger counterparts.
However, it is important in all clinical situations
that the benefits in effective glycaemic control
with any regimen must always be weighed
against the risk of hypoglycaemia, regimen
complexity, and patient acceptability.

In Japanese clinical practice, it is well
described that BB treatment is often initiated as
an inpatient intervention, with the patient
admitted for 1–2 weeks to stabilize and adjust
insulin doses and provide patient education
[6, 30]. The initiation of BB therapy is also
described as a therapeutic intervention
designed to reduce glucotoxicity and improve
b-cell function with the specific intention that
this be a transient intervention, which will be
de-escalated at an appropriate time to a less
complex insulin-based regimen. The results of

this study challenge the generality of these
observations and suggest that real-world clinical
practice is somewhat different to the accepted
narrative. A majority of patients (68%) were
initiated on BB regimens as inpatients, but a
significant proportion of patients (32%) were
still initiated on BB therapy as outpatients. By
contrast, among patients initiating premixed
regimens, 70% were outpatients and 30% were
inpatients, possibly reflecting the belief that
premixed therapy is a simpler alternative to BB
therapy. Overall, among those who initiated BB
therapy as inpatients, 41% did not change
therapy, 51% went on to switch, 3% intensified
and 5% discontinued. Of the patients initiating
BB therapy in an outpatient setting, the major-
ity (56%) remained on BB therapy unchanged,
35% switched, 4% intensified, and 5% discon-
tinued. Irrespective of where BB treatment was
commenced, among patients who did switch
(46%), the switch was at a mean (median) of
47.6 (17.0) days following initiation. This con-
firms that BB therapy is utilized as a transient
intervention but its use in this manner is
inconsistent and this approach is not operating
as a population intervention strategy. This
means that a large proportion (46%) remains
unintentionally on a BB regimen for the long
term. By contrast, the majority of the premixed
cohort (80%) had no change in therapy
throughout the follow-up period, suggesting
that premixed therapy, despite its well-known
limitations, is seen as an accepted ongoing
intervention. Importantly, switching/de-esca-
lating therapy was not associated with deterio-
ration in glycaemic control over the course of
our follow-up period, which would support the
approach of an aggressive reduction in glucose
to reduce b-cell glucotoxicity and improve b-cell
function.

The data in this study suggest that a possible
determinant of an effective BB treatment strat-
egy may require access to an inpatient facility.
Such high levels of intensive intervention may,
in the future, be inconsistent with patterns of
healthcare, patient choice, or sustainable care.
Treatments that can be more readily and reli-
ably delivered in an outpatient setting may be
more acceptable for patients and healthcare
systems alike.
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Future directions for real-world research in
this space should also examine the relative
effectiveness, safety, and use of the recently
introduced once-daily fixed-ratio combinations
(FRCs) in Japan, which combine basal insulin
and GLP-1 RAs into a single formulation that
targets fasting and postprandial hypergly-
caemia. While we observed that BB and pre-
mixed therapies produce meaningful reductions
in HbA1c, the risk of hypoglycaemia and com-
plexity of these regimens may make them
undesirable for some patients. FRC products,
therefore, could be considered in similar popu-
lations following inadequate control using
increasing OADs to reduce hypoglycaemia or
promote weight loss [31, 32] in both inpatient
and outpatient settings. Furthermore, given the
frequent but inconsistent strategy of short-du-
ration BB therapy, FRCs may also be a suit-
able alternative for patients to de-escalate to
simple regimens with a low injection burden
following a reduction in glucotoxicity.

Limitations

A number of limitations should be taken into
account when considering the findings from
this analysis. The database consists of a limited
number of hospitals and clinics and does not
cover all regions of Japan, and patients who
were not part of the participating facilities were
not captured in this study. Furthermore,
patients who transferred to other institutions
could not be followed up. While a large number
of patients were identified in the database, the
sample size was diminished, possibly because of
errors in coding (e.g. patients coded as having
prediabetes rather than T2D) or the exclusion of
those who had their OADs prescribed in, or
were lost to follow-up by transferring to, non-
participating centres. Data were based on pre-
scriptions written, and imperfect adherence
could have reduced the effects of treatment. The
reporting of hypoglycaemia incidence alone
provides only limited information; as the char-
acteristics of those who experienced hypogly-
caemia are unknown, it is unclear whether
high-risk factors were present, and there is no
analysis of the effects of hypoglycaemia on

individuals. We acknowledge that the hypo-
glycaemia incidence results may have been
influenced by different time exposure in the
various change subcohorts. While it is common
knowledge that Japanese patients with T2D are
often admitted to an inpatient facility to com-
mence insulin therapy, reasons for admission
were not analysed in this study so it is possible
that this might have been for other medical
reasons. It should be noted that this study was
not intended to be an efficacy comparison
between BB and premixed therapies, and we
expected to observe underlying differences in
the patient populations for which these regi-
mens were used.

CONCLUSIONS

In Japanese people with T2D, insulin was initi-
ated after OAD failure when HbA1c was mark-
edly elevated. Compared with premixed
therapy initiators, BB therapy initiators were
younger with higher HbA1c levels and a shorter
disease duration at baseline. They experienced
greater HbA1c reductions but a higher inci-
dence of hypoglycaemia. BB regimens were
commenced more frequently in inpatient set-
tings. By contrast, premixed regimens were
mostly initiated in outpatients. Changes or de-
intensification of BB regimens were common,
often after relatively short periods of exposure,
and these occurred more frequently in patients
who commenced BB therapy as inpatients. This
suggests a predetermined strategy to reduce
glucotoxicity quickly and efficiently by target-
ing FPG and PPG before commencing less
intensive injectable regimens.
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