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ABSTRACT

Introduction: MOSAIc was a multinational,
non-interventional, prospective, observational
cohort study designed to provide an under-
standing of the specific challenges associated
with intensification of initial insulin therapy in
patients with type 2 diabetes mellitus (T2DM).
We present a sub-analysis of Japanese patients
from MOSAIc, with data analyzed longitudi-
nally over 2 years, to provide insight on how
T2DM treatment is intensified.
Methods: Japanese patients with T2DM receiv-
ing any insulin therapy for at least 3 months
were eligible for study inclusion. Baseline and
clinical data were collected during an initial

baseline visit and during four subsequent
prospective visit windows (within ± 3 months)
at 6, 12, 18, and 24 months. Treatment inten-
sification was defined as addition of new insu-
lin, increase in insulin dosage (1-unit change or
10% compared with the previous visit), increase
in insulin injection frequency, and/or addition
of non-insulin antihyperglycemic agents.
Results: Of 116 Japanese patients who com-
pleted the study, 50.0% (n = 58) received treat-
ment intensification. Baseline characteristics of
patients with treatment intensification inclu-
ded a longer duration of diabetes, higher inci-
dence of baseline microvascular complications,
and higher HbA1c compared to those without
intensification. There was no significant differ-
ence in HbA1c change from baseline between
the two groups at any post-baseline visit. Insu-
lin intensification accounted for 61.2% of
treatment changes, with non-insulin-related
intensification accounting for 36.2% of treat-
ment changes. An increase in insulin dose was
the most frequent treatment change (51.7%),
followed by the addition of new insulin
(22.4%), and an increase in insulin injection
frequency (6.9%).
Conclusion: Real-world data from Japanese
patients with T2DM who received treatment
intensification showed that an increase in
insulin dose and the addition of new insulin
were the most frequent treatment intensifica-
tion methods. HbA1c was maintained through
2 years of treatment.
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Key Summary Points

Why carry out this study?

Insulin is one of the major pillars of
treatment for type 2 diabetes mellitus
(T2DM) and effective even for people who
failed to achieve satisfactory blood glucose
control with other antidiabetic drugs;
however, treatment intensification is
often required to manage blood glucose
control long term.

There are no reports in Japan on how
physicians intensify insulin treatment in
clinical practice.

We report the results of the Japanese
subgroup analysis from the MOSAIc study,
which shows how physicians intensify
insulin treatment in patients with T2DM
in real-world settings.

What was learned from the study?

Real-world data from Japanese patients
with T2DM who received treatment
intensification showed that an increase in
insulin dose and the addition of new
insulin are the most frequent treatment
intensification methods.

Satisfactory blood glucose levels were
maintained through 2 years of treatment.

INTRODUCTION

The incidence and prevalence of type 2 diabetes
mellitus (T2DM) continue to rapidly increase
[1], particularly in Asian countries [2]. The dia-
betes epidemic in Asia is characterized by a rel-
atively young age of onset, intensifying the

need for effective management strategies to
minimize the burden of diabetes-associated care
on healthcare systems [2].

Maintenance of glycemic control, as mea-
sured by glycated hemoglobin A1c (HbA1c)
level, is the primary goal of treatment for T2DM
and is associated with improved health out-
comes for patients [3]. As a result of the pro-
gressive nature of T2DM, many patients
progress to the point at which basal insulin
alone is insufficient, with such patients requir-
ing additional therapeutic support [4]. In clini-
cal practice, insulin switching and/or
intensification (such as increasing the fre-
quency of dosing, the addition of rapid-acting
insulin, or a switch to premix insulin) is
required in patients when glycemic targets
become unattainable using their current treat-
ment regimen [5–8].

Despite the efficacious nature of insulin
therapy, patients frequently encounter chal-
lenges in maintaining target HbA1c goals, sug-
gesting that there may be challenges in
treatment progression from initial insulin ther-
apy [9]. Existing research has described barriers
to insulin initiation and adherence [10–12];
however, data are limited regarding the unique
challenges associated with insulin intensifica-
tion in clinical practice [9, 13]. There are cur-
rently no reports in Japan on how physicians
intensify insulin treatment for patients with
T2DM in the real-world setting.

The MOSAIc study was a multinational, non-
interventional, prospective, observational
cohort study designed to provide an under-
standing of the specific challenges associated
with progression of initial insulin therapy to
mealtime and more advanced insulin therapy,
from the perspective of both the patient and the
physician [9]. We present a sub-analysis of
Japanese patients from MOSAIc, with data ana-
lyzed at baseline and longitudinally over 2 years
to provide insight on how T2DM treatment is
intensified. The identification of factors that
impact treatment progression may lead to the
development of more targeted patient- and
physician-centered strategies and interventions
to improve glycemic control in patients with
T2DM. Improved glycemic control will ulti-
mately decrease the risk of diabetes-related
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complications, reduce the need and consequent
costs associated with secondary intervention
and chronic care, and improve overall man-
agement and quality of life for Japanese patients
with T2DM.

METHODS

Study Design

A detailed description of the rationale and
design of the MOSAIc study has been reported
[9]. Briefly, MOSAIc was a multinational, non-
interventional, prospective, observational
cohort study conducted in 18 countries,
including Japan. After study enrollment,
patients were observed for 2 years with visits
approximately 6, 12, 18, and 24 months fol-
lowing the baseline visit, with all visits being
part of the patients’ routine care.

The study was conducted in accordance with
the ethical principles that have their origin in
the Declaration of Helsinki and that are con-
sistent with good clinical practices and appli-
cable laws. The MOSAIc study was registered
under ClinicalTrials.gov (NCT01400971) and
the study protocol was reviewed and approved
by institutional ethics committees at each study
center. All participants provided written
informed consent.

Study Population

Inclusion criteria for participation in MOSAIc
were age at least 18 years; diagnosis of T2DM;
presentation to a study site as part of usual
medical care; and use of any commercially
available initial insulin therapy for at least
3 months with or without any combination of
approved non-insulin oral antidiabetic (OADs)
drugs. Exclusion criteria were participation in
another medical research study that included
an investigational drug/procedure; use of
intensive basal-bolus therapy (basal insulin in
addition to three prandial doses); or initiation
of insulin treatment with three daily injections
of mixed insulin.

Data Collection

Data collection occurred during an initial base-
line visit and during four subsequent prospec-
tive visit windows (within ± 3 months) at 6, 12,
18, and 24 months. There were no additional
treatments, visits, or laboratory collections
required beyond those occurring within the
course of normal care. Patients were able to
discontinue study participation at any time. At
baseline, retrospective data were collected for
the period beginning 6 months prior to base-
line. Baseline data relating to T2DM clinical
history, including diagnosis, treatment and
complications, and medication history, were
collected from medical records. Most recently
recorded laboratory values were assessed but
limited to the period 6 months prior to the
baseline visit.

Treatment Progression

Insulin progression was defined on the basis of
each patient’s insulin therapy regimen at the
baseline visit. If a patient commenced the study
on basal insulin, with or without any other
non-insulin antidiabetic medication, progres-
sion was defined as the addition of prandial
insulin, an increased frequency of insulin
injections, change to an insulin mixture, addi-
tion of a glucagon-like peptide 1 (GLP-1) medi-
cation, or at least one OAD medication.
Alternatively, if a patient began the study on an
insulin regimen of basal insulin plus fewer than
three prandial injections daily or was using
insulin mixtures (both regimens may be used
alone or with other non-insulin antidiabetic
medications), progression was defined as an
increase in frequency of insulin injections,
change to a basal-bolus regimen, or addition of
a GLP-1 medication or at least one OAD medi-
cation. Importantly, this definition allowed for
the inclusion of patients with T2DM who may
be using insulin pumps, an emerging treatment
approach among such patients.

Treatment change was defined as the change
of insulin type, insulin dosage (10% or 1-unit
change from the previous visit), insulin fre-
quency, and/or employing non-insulin
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antihyperglycemic agents. Treatment initiation
or changes were solely at the discretion of the
physician and the patient.

Descriptive summary analyses (mean, stan-
dard deviation [SD], and frequency) were
reported for patient baseline characteristics,
clinical variables, and laboratory values.
Patients with or without treatment intensifica-
tion were evaluated at visit 5. Only patients
with both baseline and visit 5 (month 24) data
were included.

RESULTS

Patient Demographics and Baseline
Characteristics

A total of 153 patients were enrolled in Japan.
Overall, 116 patients completed the study; half
(n = 58, 50.0%) received treatment intensifica-
tion during the 2-year study period while the
other half (n = 58, 50.0%) did not receive
treatment intensification. The mean patient age
was 62.3 years (SD 12.7 years), with a similar
number of male and female patients in the
two groups (patients with treatment intensifi-
cation and patients without treatment intensi-
fication; Table 1).

Mean baseline HbA1c was significantly
higher in patients with intensification
(p = 0.047). Although not statistically signifi-
cant, other variables which differed between the
two patient groups at baseline were the inci-
dence of microvascular complications (specifi-
cally retinopathy and nephropathy) and the use
of sulfonylureas as OAD medications (higher in
patients who received treatment intensification
compared to those who did not receive treat-
ment intensification).

HbA1c

At baseline, mean HbA1c was 7.9% in patients
with intensification and 7.4% in patients with-
out treatment intensification. Throughout the
2-year observation period, HbA1c levels were
less than 7.5% for patients without treatment
intensification (Table 2). The change from

baseline in HbA1c in patients with treatment
intensification at visit 5 (month 24) was small
(0.1%), indicating that appropriate intensifica-
tion of insulin was achieved during the 2-year
study period.

Treatment Intensification

A summary of the number of insulin treatment
intensifications or the addition of oral medica-
tion by visit is presented in Table 3. At all visits,
insulin treatment intensification (defined as a
combination of injection frequency increase,
addition of new insulin, or 10% or 1 unit of
insulin dosage increase) was more common
than the addition of oral medicines.

A summary of overall treatment intensifica-
tion is presented in Table 4. Insulin intensifica-
tion accounted for 61.2% of treatment changes
while non-insulin-related intensification
accounted for 36.2% of treatment changes.
Among all patients, an increase in insulin
dosage (10% or 1 unit of insulin dosage change
from the previous visit) was the most frequent
treatment change, with over half of the patients
(51.7%) receiving an increase in insulin dosage.
A total of 26 (22.4%) patients received the
addition of new insulin during the 2-year study.
An increase in insulin injection frequency was
experienced by 6.9% of patients.

DISCUSSION

Despite the fact that insulin intensification is
recommended as part of the treatment for
T2DM, there are limited studies that examine
the trends of intensification, particularly among
Asian countries. The pivotal MOSAIc study
identified patient, physician, and healthcare
environment-based factors associated with
insulin progression for patients with T2DM in
real-world practice [14]. Country-specific dif-
ferences in patients’ profiles and treatment
patterns were identified, offering insight into
the healthcare environment in different geo-
graphic settings [14, 15]. We report the findings
of a Japanese subgroup analysis from the
MOSAIc study, the first report regarding insulin
intensification in this population.
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As a result of the progressive nature of
T2DM, an increasingly intensive treatment
strategy is needed to achieve glycemic control
over time, with likely insulin intensification. In
our analysis of Japanese patients, baseline
characteristics of patients with treatment
intensification included a higher incidence of
baseline microvascular complications, higher
usage of sulfonylureas, and higher HbA1c.
HbA1c values appear to be consistently higher
in the treatment intensification group com-
pared with the non-intensification group dur-
ing the 2-year study period. A 12-week
observational study in Japanese patients with
T2DM suggested that changes to insulin

regimen may improve glycemic control without
negatively impacting quality of life [16].

According to the Diabetes Mellitus Treat-
ment Guidelines published by the Japan Dia-
betes Society, the glycemic goal is generally set
at HbA1c\7.0% but should be determined
individually depending on various factors such
as the disease condition, age of the patient,
cognitive function, activities of daily living, and
risk of severe hypoglycemia [17]. According to
the results of this study, an HbA1c level of 7.5%
may be the level at which Japanese diabetolo-
gists consider intensifying insulin treatment.

Japanese guidelines for the management of
T2DM recommend an individualized stepwise

Table 1 Demographic and baseline characteristics of patients with and without treatment intensification

Variables Patients with treatment
intensification (N = 58)

Patients without treatment
intensification (N = 58)

Total
(N = 116)

Sex, female, n (%) 21 (36.2) 22 (37.9) 43 (37.1)

Age, years 61.6 (12.8) 63.0 (12.7) 62.3 (12.7)

Baseline BMI, kg/m2 24.9 (4.1) 25.3 (4.7) 25.2 (4.4)

Duration of

diabetes, years

14.4 (8.2) 13.0 (8.1) 13.7 (8.2)

Baseline microvascular complications, n (%)

Retinopathy 18 (31.0) 13 (22.4) 31 (26.7)

Nephropathy 18 (31.0) 11 (19.0) 29 (25.0)

Neuropathy 7 (12.1) 11 (19.0) 18 (15.5)

HbA1c, % 7.9 (1.3) 7.4 (1.3) 7.7 (1.3)

Oral antidiabetic medications, n (%)

Metformin 23 (39.7) 28 (48.3) 51 (44.0)

Sulfonylurea 38 (65.5) 27 (46.6) 65 (56.0)

Dipeptidyl

peptidase 4

26 (44.8) 23 (39.7) 49 (42.2)

Thiazolidinedione 17 (29.3) 13 (22.4) 30 (25.9)

Others 13 (22.4) 12 (20.7) 25 (21.6)

Insulin treatment intensification was defined as a combination of injection frequency increase, addition of new insulin, or
10% or 1 unit of insulin dosage increase
Unless indicated otherwise, data are presented as the mean (± SD)
BMI body mass index, HbA1c glycated hemoglobin A1c, N total number of patients in specified treatment, n number of
patients in specified category, SD standard deviation
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approach to intensifying treatment [17]. There
are several types of treatment intensification
including an increase in insulin dose or fre-
quency, or the addition of oral medication. In
Japanese patients from MOSAIc, an increase in
insulin dosage (10% or 1 unit of insulin dosage
change from the previous visit) was the most
frequent treatment alteration, with over half of
patients (51.7%) receiving an increase in insulin
dose. In addition, 36.2% of patients added on
oral medications or employed non-insulin-re-
lated intensification. Japanese healthcare pro-
viders and patients may feel that an increase in
insulin dose and/or addition of oral medica-
tions may be less of a burden and/or a relatively

safe option for continued management of
T2DM. The recent availability of GLP-1 receptor
agonists, to be considered as a treatment option
after oral medications but before insulin, pro-
vides an additional option for earlier interven-
tion regarding HbA1c control in Japanese
patients with T2DM.

The strength of the MOSAIc study lies in its
real-world observations, with data collected
during the course of usual care, thereby
reflecting characteristics and patterns of
patients with T2DM and their treatment in real-
world settings. However, there are several limi-
tations. This study did not evaluate patients’
diet or exercise regime, or other medical and

Table 2 Summary of HbA1c in patients with and without treatment intensification by visit

Visit n Patients with treatment intensification
(N = 58)

n Patients without treatment intensification
(N = 58)

Baseline 54 7.91 (1.3) 57 7.41 (1.3)

Visit 2 (month 6)

Actual value 57 7.74 (1.2) 57 7.12 (1.0)

Change from

baseline

54 - 0.14 (1.1) 56 - 0.26 (1.0)

Visit 3 (month 12)

Actual value 56 7.75 (1.3) 57 7.20 (0.9)

Change from

baseline

53 - 0.06 (1.0) 56 - 0.22 (0.9)

Visit 4 (month 18)

Actual value 56 7.74 (1.1) 57 7.26 (0.8)

Change from

baseline

53 - 0.08 (0.9) 56 - 0.13 (1.0)

Visit 5 (month 24)

Actual value 56 7.94 (1.3) 58 7.41 (1.0)

Change from

baseline

53 0.06 (0.9) 57 - 0.01 (1.1)

Insulin treatment intensification was defined as a combination of injection frequency increase, addition of new insulin, or
10% or 1 unit of insulin dosage increase
Unless indicated otherwise, data are presented as the mean (± SD)
HbA1c glycated hemoglobin A1c, N total number of patients in specified treatment, n number of patients in specified
category, SD standard deviation
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lifestyle factors that may affect T2DM manage-
ment. The rationale behind treatment decisions
and the specific details of treatment intensifi-
cation were not evaluated, nor were provider-
specific barriers to insulin intensification. In
addition, if patients consulted multiple

healthcare providers, the full extent of their
comorbidities and treatment may not be
captured.

Table 3 Summary of insulin treatment intensification and the addition of oral medication by visit

Visit Type, n (%) All patientsa (N = 116)

Visit 2 (month 6) Add on of oral medicines 13 (11.2)

Insulin treatment intensification 46 (39.7)

Visit 3 (month 12) Add on of oral medicines 15 (12.9)

Insulin treatment intensification 49 (42.2)

Visit 4 (month 18) Add on of oral medicines 6 (5.2)

Insulin treatment intensification 47 (40.5)

Visit 5 (month 24) Add on of oral medicines 16 (13.8)

Insulin treatment intensification 50 (43.1)

Overall Add on of oral medicines 42 (36.2)

Insulin treatment intensification 71 (61.2)

Insulin treatment intensification was defined as a combination of injection frequency increase, addition of new insulin, or
10% or 1 unit of insulin dosage increase
aPatients may have two or more types of treatment intensification

Table 4 Summary of overall treatment intensification

Treatment, n (%) All patientsa (N = 116)

Insulin-related intensification 71 (61.2)

Add on of oral medicines (non-insulin related intensification) 42 (36.2)

Increase the injection frequency 8 (6.9)

Add on of new insulin 26 (22.4)

10% or 1 unit of insulin dosage increase 60 (51.7)

Any 2 types of intensification 37 (31.9)

Any 3 types of intensification 8 (6.9)

All types of intensification 0

Insulin treatment intensification was defined as a combination of injection frequency increase, addition of new insulin, or
10% or 1 unit of insulin dosage increase
aPatients may have two or more types of treatment intensification
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CONCLUSION

In Japanese patients with T2DM participating in
the MOSAIc study, an increase in insulin dose
was the most frequent treatment intensifica-
tion, with over half of the patients receiving an
increase in insulin dosage. This sub-analysis
showed that patients receiving treatment
intensification maintained HbA1c levels
through 2 years of treatment. This is the first
real-world data concerning insulin intensifica-
tion practices in Japanese patients with T2DM.
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