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ABSTRACT

Introduction: In Japan, patient-led insulin
titration is rare in type 2 diabetes mellitus
(T2DM) patients. Few studies have compared
the effects of patient-led versus physician-led
insulin titration on patient-reported outcomes
in Japanese T2DM patients. This study aimed to
compare the effects of patient-led and physi-
cian-led insulin titration in Japanese insulin-
naı̈ve T2DM patients on safety, glycemic con-
trol, and patient-reported outcomes (emotional
distress, treatment satisfaction, and self-
efficacy).

Methods: Ultimately, 125 insulin-naı̈ve Japa-
nese T2DM patients were randomly assigned to
either a patient-led insulin self-titration group
or a physician-led insulin titration group and
monitored for 24 weeks. The primary endpoint
was a change in emotional distress as measured
using the Problem Areas in Diabetes scale
(PAID). Secondary endpoints included treat-
ment satisfaction, as measured with the Dia-
betes Treatment Satisfaction Questionnaire
(DTSQ), self-efficacy as measured using the
Insulin Therapy Self-Efficacy Scale (ITSS), gly-
cated hemoglobin (HbA1c) levels, fasting
plasma glucose levels, body weight, insulin
daily dose, and frequency of hypoglycemia.
Results: There was no significant difference
between the groups in PAID and DTSQ scores.
The results for the primary endpoint should be
interpreted taking account that the sample size
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for the power calculation was not reached. ITSS
scores were significantly higher in the patient-
led self-titration group. HbA1c and fasting
plasma glucose levels were significantly
decreased in both groups, but the decrease was
significantly larger in the patient-led self-titra-
tion group. Although the insulin daily dose was
significantly higher in the patient-led self-titra-
tion group, severe hypoglycemia did not occur
in either group, and the frequency of hypo-
glycemia was similar in both groups.
Conclusion: Self-measurement of blood glucose
and self-titration of insulin enhanced the
patients’ self-efficacy without compromising
their emotional distress or treatment satisfac-
tion. Also, insulin self-titration was found to be
safe and effective; it resulted in better glycemic
control without severe hypoglycemia.
Trial registration: University Hospital Medical
Information Network Clinical Trials Registry
(UMIN-CTR) (registration number:
UMIN000020316).

Keywords: Emotional distress; Insulin; Patient-
led insulin self-titration; Patient-reported
outcome; Physician-led insulin titration;
Quality of life; Self-efficacy; Self-management;
Treatment satisfaction

Key Summary Points

Why carry out this study?

Few studies have compared the patient-
reported outcomes, including emotional
distress, treatment satisfaction, and self-
efficacy, of physician-led insulin titration
with those of patient-led insulin self-
titration.

This study enrolled insulin-naı̈ve patients
with type 2 diabetes mellitus and
compared physician-led insulin titration
to patient-led insulin self-titration in
terms of emotional distress, treatment
satisfaction, and self-efficacy.

What was learned from the study?

Self-efficacy was significantly higher in the
patient-led self-titration group.

Self-measurement of blood glucose and
self-titration of insulin was safe and
effective in Japanese patients with type 2
diabetes mellitus, resulting in better
glycemic control without severe
hypoglycemia.

Self-management of diabetes, including
self-measurement of blood glucose and
insulin self-titration, may help combat
clinical inertia regarding insulin
treatment in patients with type 2 diabetes
mellitus.

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.13476858.

INTRODUCTION

Insulin treatment is an important and effective
means of glycemic control for both type 1
(T1DM) and type 2 (T2DM) diabetes mellitus
(DM) patients. Insulin titration based on blood
glucose levels is crucial to achieving favorable
glycemic control. Insulin titration is primarily
conducted in one of two ways: physician-led
titration or patient-led self-titration. Patient-led
self-titration is commonly used in T1DM, but
less so in T2DM, especially in Asian countries
such as Japan [1, 2]. However, several clinical
trials have demonstrated that the results of
patient-led self-titration based on self-measure-
ment of blood glucose (SMBG) are comparable
to glycemic control with physician-led titration
[2–5]. These results suggest that patient-led
insulin self-management, including self-titra-
tion, is effective at managing T2DM.

Self-management is an important factor
when managing DM. SMBG and insulin self-ti-
tration may empower patients, resulting in
greater engagement with their therapy and
enhancing their self-confidence/self-efficacy [3].
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The confidence that self-management can
instill in a patient’s treatment may improve
their quality-of-life (QOL) and treatment satis-
faction. However, few studies have measured
such patient-reported outcomes (PROs),
including QOL, treatment satisfaction, and self-
efficacy. One such study, the ATLAS study [2],
found no difference between patient-led and
physician-led T2DM patients in treatment sat-
isfaction and QOL as measured using the Dia-
betes Treatment Satisfaction Questionnaire
(DTSQ) [6] and the EuroQol instrument (EQ-5D)
[7], respectively.

To address the lack of clinical trials reporting
PROs, the Comparison of Satisfaction Between
Patient-Led and Physician-Led Titration Groups
Measured by QOL and Self-Efficacy Scores In
Japanese T2D Patients (COMMIT-patient) study
was conducted to compare patient-led and
physician-led insulin titration in terms of
safety, clinical outcomes, and PROs. PROs were
measured using the Problem Areas in Diabetes
(PAID) scale [8, 9], the DTSQ [6, 10], and the
Insulin Therapy Self-Efficacy Scale (ITSS) [11].
Since insulin treatment is associated with
greater distress than other antidiabetic therapies
[9, 12, 13], we hypothesized that insulin self-
titration, which improves the self-recognition
of treatment goals and requires greater self-in-
volvement in therapy, may reduce insulin
injection-related distress in patients. Our previ-
ous study demonstrated that treatment satis-
faction was lower in patients receiving insulin
than in those receiving other antidiabetic
treatments. The ATLAS study [2] of an Asian
population reported no difference in treatment
satisfaction between physician-led and patient-
led titration, while glycemic control was sig-
nificantly more improved in the patient-led
group. We sought to investigate whether
patient-led insulin titration was available for
Japanese patients, and the effects of patient-led
and physician-led insulin titration on PROs.
Since the ultimate goal of insulin self-titration is
to develop the patient’s self-efficacy regarding
self-management of their DM, we compared
ITSS scores between physician-led and patient-
led titration in T2DM patients in this study. By
determining the optimal management strategy
for T2DM, we can reduce the psychological

burden of insulin therapy, improve treatment
satisfaction, and improve patient confidence in
insulin therapy.

METHODS

Study Design

The COMMIT-patient study was a prospective,
randomized, open-label, blinded-endpoint trial
conducted across 30 medical institutions in
Japan between January 2016 and January 2020.
This study is registered in the University
Hospital Medical Information Network Clinical
Trials Registry (UMIN-CTR) (registration num-
ber: UMIN000020316), and was conducted in
accordance with the principles of the Declara-
tion of Helsinki, the Ethical Guidelines for
Medical and Health Research Involving Human
Subjects in Japan, and other relevant bylaws
and regulations. The study protocol was first
approved by the Nara Medical University Ethics
Committee, and then by the ethics committees
for all the other institutions involved in this
study. The names of all participating research
institutions and those of the ethics committees
that approved the study are listed in Table S1 of
the ‘‘Supplementary Information’’. Written
informed consent was obtained prior to treat-
ment from all enrolled patients who met the
eligibility criteria. All authors had access to the
study data and reviewed and approved the final
manuscript.

Patient Population

T2DM patients who were initiating insulin
therapy were included in this study. The main
inclusion criteria were as follows: (1) newly
starting insulin therapy and able to self-ad-
minister (self-inject) insulin, (2) men and
women aged 20 years or older, (3) diagnosis of
T2DM for at least 6 months, (4) previous use of
oral hypoglycemic agents (OHAs) for at least
3 months or longer, and (5) HbA1c levels of
between 7 and 10%. The main exclusion criteria
were as follows: (1) dementia (diagnosed or
suspected) or other psychological conditions,
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(2) insufficient cognitive and judging ability or
an inability to read and write, (3) inability to
personally give informed consent, and (4) visual
impairment that interfered with self-injection.
Further eligibility criteria are summarized in
Table S2 of the ‘‘Supplementary Information’’.

Randomization and Study Intervention

After obtaining informed consent, eligible
patients were randomly assigned to either the
patient-led group or the physician-led group at
a ratio of approximately 1:1. Randomization
was performed using a computer-based
dynamic allocation method with a minimiza-
tion procedure to balance three allocation fac-
tors (age, gender, and daily number of
hypoglycemic agent administrations) across the
groups. All enrolled subjects started insulin
glargine U300 at an initial dose of 0.1 9 body
weight (kg). The insulin titration algorithm for
each group is summarized in Table S3 of the
‘‘Supplementary Information’’. Antidiabetic
agents or other therapeutic agents used at giv-
ing their consent were allowed to continue to
use during the study, but changes in antidia-
betic agent dosage and type were prohibited
during the study (except for the study agent,
insulin glargine U300). If the patient was using
a sulfonylurea when they gave their consent to
participate in the study, glimepiride and gli-
clazide doses were decreased to 1 mg and 40 mg,
respectively, and glibenclamide was changed to
1 mg of glimepiride for safety reasons at the
start of the study. However, changes in sul-
fonylurea dosage and type were prohibited
during the study. Patients were followed up for
24 weeks, with observations performed at base-
line and weeks 1, 2, 4, 6, 8, 12, 16, 20, and 24.

Study Outcomes

The primary endpoint was the change in PAID
score from baseline to week 24. The secondary
endpoints were DTSQ score, ITSS score, HbA1c
level, fasting plasma glucose (FPG), body
weight, insulin daily dose, frequency of hypo-
glycemia, frequency of other adverse events,
and treatment adherence. The PAID is a

questionnaire measuring DM-related distress
[8, 9], the DTSQ is a questionnaire to measure
treatment satisfaction in diabetes care [6, 10],
and the ITSS is a questionnaire to assess a
patient’s confidence with their insulin treat-
ment, which consists of four domains: domain
1, confidence with the insulin injection proce-
dure; domain 2, confidence with the insulin
titration; domain 3, confidence with glycemic
control; and domain 4, confidence with the
ability to deal with hypoglycemia [11].

Data Collection

Questionnaires about PROs were conducted on
paper or on an iPad. Results from clinical labo-
ratory tests were recorded on a paper-based case
report form. The data obtained in this study
were managed by a third-party entity (Soiken
Inc.) to avoid bias, and the statistical analysis
was performed by an independent biostatisti-
cian (Yasunori Sato, Keio University).

Sample Size Calculation and Statistical
Analysis

Since no previous randomized controlled trial
had reported our primary endpoint (i.e., change
in PAID score from pre- to- postinitiation of
insulin therapy in Japanese T2DM patients), we
utilized our unpublished cross-sectional results
from using the Japanese version of the PAID
scale in Japanese T2DM patients. We observed a
mean PAID score of 51.0 in patients who
received OHAs, while patients who responded
neutrally to the item ‘‘Not having clear and
concrete goals for your diabetes care?’’ had a
mean PAID score of 55.8. Therefore, we
hypothesized that the mean PAID score at
baseline would be 51.0, while the mean scores
at week 24 in the patient-led group and the
physician-led group would be 51.0 (no change
from baseline) and 55.0 (an increase of 4
points), respectively, given that the PAID score
increases upon insulin initiation and decreases
upon achieving the treatment goals. Assuming
a standard deviation of 10, 100 patients per
group would provide a power of over 80% to
detect a difference in the mean PAID score using
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a two-sided t test at 5% significance. A dropout
rate of approximately 20% was estimated. Thus,
125 patients were required per group, giving a
total required sample size of 250.

Analyses for the primary and secondary
endpoints were primarily performed on the full
analysis set (FAS), which included all subjects
assigned to a study intervention. The safety
analysis included all treated patients. All tests
were two-sided and a p value of\ 0.05 was
considered statistically significant. The primary
and secondary endpoints were assessed by
mixed-effects models for repeated measures
analysis (MMRM) or analysis of covariance
(ANCOVA), with treatment group, time, inter-
action between treatment groups, allocation
factors, and baseline values as fixed effects and
subjects nested by treatment group as a ran-
dom effect. For frequency of hypoglycemia and
adverse events, summary statistics were calcu-
lated and the chi-squared test or Fisher’s exact
test was used for between-group comparisons.
The SAS statistical software package (version
9.4; SAS, Cary, NC, USA) was used to perform
all statistical analyses. All statistical analyses
were performed by an independent
biostatistician.

RESULTS

Baseline Characteristics of Study
Participants

In total, 373 patients were screened and 248
were excluded. Of the excluded patients, 41 did
not provide consent, 201 did not match the
eligibility/exclusion criteria, and 6 were exclu-
ded for other reasons. Therefore, 125 patients
were enrolled in the study and randomly allo-
cated to a treatment group. One hundred
twenty patients completed the study and were
included in the FAS, including 59 patients in
the patient-led group and 61 subjects in the
physician-led group (Fig. 1). The baseline char-
acteristics of the patients are summarized in
Table 1. No significant between-group differ-
ences in baseline characteristics were found.

Patient-Reported Outcomes

PAID
The mean PAID score significantly decreased
from baseline to week 12 (changes from base-
line were - 5.7 (95% confidence interval (CI)
- 8.7 to - 2.6) and - 4.2 (95% CI - 7.1 to
- 1.3) in the patient-led and physician-led
groups, respectively) and week 24 (changes
from baseline were - 6.2 (95% CI - 9.4 to
- 3.0) and -6.1 (95% CI - 9.1 to - 3.0) in the
patient-led and physician-led groups, respec-
tively) in both groups. No significant between-
group differences were observed for either the
baseline to week 12 change or the baseline to
week 24 change (between-group differences in
change were - 1.4 (95% CI - 5.3 to 2.5)
(p = 0.472) and - 0.1 (95% CI - 4.3 to 4.0)
(p = 0.947) at weeks 12 and 24, respectively)
(Fig. 2).

DTSQ
The DTSQ score significantly increased from
baseline to week 12 (changes from baseline were
3.6 (95% CI 2.0–5.2) and 1.7 (95% CI 0.2–3.2) in
the patient-led group and the physician-led
group, respectively) and week 24 (changes from
baseline were 3.2 (95% CI 1.5–5.0) and 2.1 (95%
CI 0.5–3.7) in the patient-led and physician-led
groups, respectively) in both groups. Although
the patient-led group showed a tendency
towards a greater increase in mean DTSQ score
from baseline to week 12 than the physician-led
group, no significant between-group differences
were observed for either the baseline to week 12
change or the baseline to week 24 change (be-
tween-group differences in change were 1.9
(95% CI - 0.2 to 4.0) (p = 0.074) and 1.1 (95%
CI - 1.1 to 3.4) (p = 0.327) at weeks 12 and 24,
respectively) (Fig. 2).

ITSS
As the ITSS assesses self-efficacy regarding
insulin treatment and insulin-naı̈ve patients
were enrolled in this study, the ITSS was col-
lected at weeks 12 and 24 but not at baseline. At
weeks 12 and 24, the mean ITSS total score was
significantly higher in the patient-led group
than in the physician-led group [77.2 ± 11.6
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and 71.1 ± 12.9 in the patient-led group and
the physician-led group, respectively, at week
12 (p = 0.009) and 77.8 ± 12.7 and 71.4 ± 11.0
in the patient-led group and the physician-led
group, respectively, at week 24 (p = 0.005)]
(Fig. 2). No significant change in the mean ITSS
total score was observed between weeks 12 and
24 [changes from week 12 were 0.4 (95% CI
- 1.7 to 2.6) and - 1.2 (95% CI - 3.3 to 0.8);
the between-group difference was 1.7 (95% CI
- 1.1 to 4.4) (p = 0.230)]. Among these
domains, the mean domain 2 and domain 3
scores were significantly higher in the patient-
led group at weeks 12 and 24 [domain 2:
75.4 ± 17.3 and 56.5 ± 26.4 in the patient-led
group and the physician-led group, respectively,
at week 12 (p\0.001) and 76.7 ± 17.3 and
56.9 ± 23.0 in the patient-led group and the
physician-led group, respectively, at week 24
(p\ 0.001); domain 3: 55.9 ± 18.0 and
47.2 ± 17.2 in the patient-led group and the
physician-led group, respectively, at week 12
(p = 0.010) and 58.8 ± 17.2 and 52.1 ± 17.9 in
the patient-led group and the physician-led
group, respectively, at week 24 (p = 0.041)] (see
Table S4 of the ‘‘Supplementary Information’’).

Specifically, domain 2 scores increased in the
patient-led group, whereas the scores decreased
in the physician-led group, resulting in the
observed significant between-group difference
(the between-group difference in change was
7.9 (95% CI 2.0–13.7), p = 0.009).

Clinical Outcomes

Glycemic Control
HbA1c levels decreased significantly from base-
line to week 12 (changes from baseline were
- 1.4% (95% CI - 1.6 to - 1.2%) and - 1.1%
(95% CI - 1.3 to - 0.9%) in the patient-led
group and the physician-led group, respec-
tively) and from baseline to week 24 (changes
from baseline were - 1.7% (95% CI - 1.9 to
- 1.4%) and - 1.3% (95% CI - 1.5 to - 1.1%)
in the patient-led group and the physician-led
group, respectively) in both groups (Fig. 3). The
decrease was significantly larger in the patient-
led group at week 12 (between-group difference
in change was - 0.3% (95%CI - 0.6 to
- 0.04%), p = 0.022) and week 24 (between-
group difference in change was - 0.4% (95%CI
- 0.7 to - 0.1%), p = 0.014). The mean HbA1c

Fig. 1 Study flow chart showing patient enrollment, allocation, and analysis
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at week 24 was 6.8 ± 0.6% in the patient-led
group and 7.2 ± 1.0% in the physician-led
group, respectively. The proportion of subjects
who achieved HbA1c \7% was 65.5% and
47.5% in the patient-led group and the physi-
cian-led group, respectively, indicating that it
tended to be higher in the patient-led self-ti-
tration group (p = 0.061).

Similarly, FPG decreased to 65.1 mg/dL (95%
CI - 75.1 to - 55.0 mg/dL) in the patient-led
group and 43.3 mg/dL (95% CI - 52.7 to
- 33.9 mg/dL) in the physician-led group from
baseline to week 24. The mean FPG at week 24
was 113.7 ± 27.8 mg/dL (6.3 mmol/L) in the
patient-led group and 131.6 ± 38.8 mg/dL
(7.3 mmol/L) in the physician-led group

Table 1 Baseline patient characteristics

Characteristic Patient-led group (n = 59) Physician-led group (n = 61) p value

Age (years) 63.9 ± 11.6 61.4 ± 11.5 0.240

Sex (male/female) 42 (71.2)/17 (28.8) 43 (70.5)/18 (29.5) 1.000

Height (cm) 164.6 ± 9.3 164.3 ± 10.8 0.859

Body weight (kg) 64.9 ± 14.5 66.5 ± 12.6 0.518

Duration of diabetes (years) 12.6 ± 7.4 14.3 ± 8.6 0.273

Current smoker 16 (27.1) 11 (18.0) 0.278

Drinking habit 28 (47.5) 31 (50.8) 0.719

Microvascular complications 35 (59.3) 32 (52.5) 0.468

Macrovascular complications 6 (10.2) 4 (6.6) 0.526

Antidiabetic drugs 59 (100) 61 (100)

Insulin 0 (0.0) 0 (0.0)

Other antidiabetic drugs 59 (100) 61 (100)

Sulfonylurea 26 (44.1) 28 (45.9) 0.84

Biguanide 31 (52.5) 36 (59.0) 0.48

a-GI 18 (30.5) 17 (27.9) 0.75

Glinide 12 (20.3) 14 (23.0) 0.73

Thiazolidine 11 (18.6) 8 (13.1) 0.41

DPP-4 inhibitor 52 (88.1) 51 (83.6) 0.48

SGLT2 inhibitor 17 (28.8) 20 (32.8) 0.64

Antihypertensive drugs 28 (47.5) 32 (52.5) 0.715

Lipid-lowering drugs 33 (55.9) 43 (70.5) 0.130

Antithrombotic drugs 10 (16.9) 13 (21.3) 0.645

Other concomitant drugs 29 (49.2) 37 (60.7) 0.271

Data are presented as the mean ± standard deviation or frequency (percentage), as appropriate. p values for between-group
comparisons were obtained using Student’s t test and Fisher’s exact test for continuous and categorical variables, respectively
a-GI alpha-glucosidase inhibitor, DPP-4 inhibitor dipeptidyl peptidase-4 inhibitor, SGLT2 inhibitor sodium-glucose
cotransporter 2 inhibitor

Diabetes Ther (2021) 12:595–611 601



(Fig. 3). Especially in the patient-led group, the
mean FPG at week 24 almost reached the target
glycemic control. The decrease in FPG was sig-
nificantly larger in the patient-led group at
week 12 (between-group difference was
- 20.1 mg/dL (95% CI - 31.0 to - 9.2 mg/dL),
p\0.001) and week 24 (between-group differ-
ence was - 21.8 mg/dL (95% CI - 34.9 to
- 8.6 mg/dL), p = 0.001).

Insulin Daily Dose and Adherence
The insulin daily dose was significantly higher
in the patient-led group at week 12
(20.0 ± 9.7 unit/day and 14.1 ± 7.4 unit/day in
the patient-led group and the physician-led
group, respectively, p\0.001) and week 24
(24.3 ± 15.6 unit/day and 15.6 ± 8.5 unit/day
in the patient-led group and the physician-led
group, respectively, p\ 0.001) (Fig. 3). This
increase in insulin daily dose was significantly
higher in the patient-led group than in the

physician-led group at week 12 (between-group
difference was 6.3 unit/day (95% CI 3.5–-
9.0 unit/day), p\ 0.001) and week 24 (between-
group difference was 9.6 unit/day (95% CI
5.4–13.7 unit/day), p\0.001).

The insulin self-injection adherence was as
high as [ 97% throughout the study in both
groups (97.8 ± 8.6 and 97.4 ± 9.0 from week 0
to week 12, 98.1 ± 3.8 and 98.3 ± 4.8 from
week 12 to week 24, and 97.4 ± 8.5 and
97.6 ± 7.5 from week 0 to week 24 in the
patient-led and physician-led insulin titration
groups, respectively), and no significant
between-group difference was observed
(p = 0.827, 0.851, and 0.888 for weeks 0–12,
weeks 12–24, and weeks 0–24, respectively)
(Table 2).

Body Weight
In contrast, body weight significantly increased
in both groups from baseline to week 12

Fig. 2 Measurements and changes in patient-reported
outcomes. Data are presented as the mean ± standard
deviation for measurements or the mean ± 95% confi-
dence interval for changes. Changes represent the change
from baseline in PAID and DTSQ and the change from
week 12 in ITSS. p values for between-group comparisons
were obtained using Student’s t test for measurements and
MMRM for changes in PAID and DTSQ. p values for

between-group comparisons were obtained by Student’s t
test for measurements and ANCOVA for the change in
ITSS. *, **, and *** represent p\ 0.05, p\ 0.01, and
p\ 0.001, respectively. PAID Problem Areas in Diabetes
scale, DTSQ Diabetes Treatment Satisfaction Question-
naire, ITSS Insulin Therapy Self-Efficacy Scale, MMRM
mixed-effects models for repeated-measures analysis,
ANCOVA analysis of covariance
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(change from baseline was 0.9 kg (95% CI
0.3–1.5 kg) and 0.9 kg (95% CI 0.4–1.5 kg) in
the patient-led group and the physician-led
group, respectively) and week 24 (change from
baseline was 2.2 kg (95% CI 1.4–3.0 kg) and
1.6 kg (95% CI 0.8–2.3 kg) in the patient-led
group and the physician-led group, respec-
tively) (Table 2). However, no significant
between-group difference was observed in the
degree of body weight increase at week 12 (be-
tween-group difference was 0.0 kg (95% CI
- 0.8 to 0.8 kg), p = 0.998) or week 24 (be-
tween-group difference was 0.6 kg (95% CI
- 0.4 to 1.6 kg), p = 0.232).

Safety Outcomes

During the trial, 30 of the 59 (50.8%) patients in
the patient-led group and 35 of 61 (57.4%)
patients in the physician-led group reported
adverse events (Table 3). The most common
adverse event was hypoglycemia. Hypoglycemia
was reported by 22 patients (37.3%) in the

patient-led group and 23 patients (37.7%) in the
physician-led group, and no significant
between-group difference was observed
(p = 1.000). Severe hypoglycemia was not
reported in either group throughout the trial.
No significant between-group difference was
observed in the frequency of other subcate-
gories of hypoglycemia [documented symp-
tomatic hypoglycemia in 11 (18.6%) and 7
(11.5%) patients (between-group p = 0.314),
asymptomatic hypoglycemia in 10 (16.9%) and
8 (13.1%) patients (between-group p = 0.615),
probable symptomatic hypoglycemia in 11
(18.6%) and 7 (11.5%) patients (between-group
p = 0.314), hypoglycemia-related symptoms in
5 (8.5%) and 8 (13.1%) patients (between-group
p = 0.559), and nocturnal hypoglycemia in 0
(0.0%) and 1 (1.6%) patients (between-group
p = 1.000) in the patient-led and the physician-
led groups, respectively]. No significant
between-group differences were observed in the
frequencies of other adverse events.

Fig. 3 Measurements and changes in clinical outcomes.
Data are presented as the mean ± standard deviation for
measurements or the MMRM-adjusted mean ± 95%
confidence interval for changes. Changes represent the
change from baseline. p values for between-group

comparisons were obtained using Student’s t test for
measurements and MMRM for changes. *, **, and ***
represent p\ 0.05, p\ 0.01, and p\ 0.001, respectively.
FPG fasting plasma glucose, MMRM mixed-effects models
for repeated-measures analysis
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DISCUSSION

The COMMIT-patient study was conducted to
compare patient-led self-insulin titration with
physician-led insulin titration in terms of their
effects on patient QOL, treatment satisfaction,
and self-efficacy in Japanese insulin-naı̈ve
T2DM patients. This is the first prospective,
randomized controlled trial to estimate the
effects of insulin initiation and titration on
PROs (e.g., emotional distress, treatment satis-
faction, and self-efficacy), safety, and clinical
outcomes (e.g., glycemic control and body
weight).

After initiating and titrating insulin, the
PAID scores significantly improved from base-
line to weeks 12 and 24 in both groups. The
PAID is a questionnaire on diabetes-related
emotional distress that measures the patient’s
psychological adaptation to diabetes. PAID
scores have been reported to be negatively cor-
related to adherence to self-care behaviors such
as diet therapy, exercise therapy, insulin use,
SMBG, and glycemic control [8]. These self-care

behaviors involving insulin injection included
injecting the proper dose, injecting at the
proper time, and titrating insulin based on
SMBG. Greater adherence to these insulin self-
management behaviors correlates with a lower
PAID score. By contrast, PAID scores tended to
be higher in insulin-treated patients than in
patients treated with other antidiabetic agents
[12, 13], suggesting that insulin-treated DM
patients have higher levels of emotional dis-
tress. Therefore, we hypothesized that PAID
scores would increase after the initiation of
insulin in insulin-naı̈ve patients. However, in
this study, PAID scores significantly decreased
in both groups after insulin initiation. It may
have been the case that insulin titration,
regardless of whether the patient-led or the
physician-led algorithm was followed, attenu-
ated the patients’ emotional distress, since
patients in both groups were aware of the effects
of the insulin via daily SMBG. HbA1c levels
were clearly improved in both groups, no cases
of severe hypoglycemia occurred, and only one
case of nocturnal hypoglycemia was reported

Table 2 Other clinical outcomes

Variable Patient-led group Physician-led group p value

Insulin self-injection adherence (%)

Week 0 to week 12 97.8 ± 8.6 97.4 ± 9.0 0.827

Week 0 to week 24 97.4 ± 8.5 97.6 ± 7.5 0.888

Week 12 to week 24 98.1 ± 3.8 98.3 ± 4.8 0.851

Body weight (kg)

Baseline 64.9 ± 14.5 (58) 66.5 ± 12.6 (61) 0.518

Week 12 66.1 ± 14.3 (57) 67.7 ± 12.0 (60) 0.503

Change from baseline to week 12 0.9 [0.3, 1.5] 0.9 [0.4, 1.5]

Group difference in change 0.0 [- 0.8, 0.8] 0.998

Week 24 67. 5 ± 14.5 (55) 68.5 ± 12.4 (58) 0.697

Change from baseline to week 24 2.2 [1.4, 3.0] 1.6 [0.8, 2.3]

Group difference in change 0.6 [- 0.4, 1.6] 0.232

Data are presented as the mean ± standard deviation (number of patients) for measurements or the mean [95% confidence
interval] for changes. p values for between-group comparisons were obtained using Student’s t test for measurements and a
generalized linear mixed-effects model for repeated measures for changes
FPG fasting plasma glucose
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Table 3 Safety outcomes

Adverse event Patient-led group Physician-led group p value

Number of subjects in the safety analysis set 59 61 –

Death 0 (0.0) 0 (0.0) –

Any adverse event 30 (50.8) 35 (57.4) 0.583

Any serious adverse event 1 (1.7) 1 (1.6) 1.000

Hypoglycemia 22 (37.3) 23 (37.7) 1.000

Severe hypoglycemia 0 (0.0) 0 (0.0)

Documented symptomatic hypoglycemia 11 (18.6) 7 (11.5) 0.314

Asymptomatic hypoglycemia 10 (16.9) 8 (13.1) 0.615

Probable symptomatic hypoglycemia 11 (18.6) 7 (11.5) 0.314

Hypoglycemia-related symptoms 5 (8.5) 8 (13.1) 0.559

Nocturnal hypoglycemia 0 (0.0) 1 (1.6) 1.000

Allergic rhinitis 1 (1.7) 0 (0.0) 0.492

Insulin allergy 0 (0.0) 1 (1.6) 1.000

Viral bronchitis 0 (0.0) 1 (1.6) 1.000

Major depressive disorder 0 (0.0) 1 (1.6) 1.000

Stress 0 (0.0) 1 (1.6) 1.000

Hernia 1 (1.7) 0 (0.0) 0.492

Dizziness 1 (1.7) 0 (0.0) 0.492

Nausea 0 (0.0) 1 (1.6) 1.000

Gastritis 0 (0.0) 1 (1.6) 1.000

Gastroenteritis 1 (1.7) 0 (0.0) 0.492

Macular edema 1 (1.7) 0 (0.0) 0.492

Diarrhea 2 (3.4) 1 (1.6) 0.616

Hepatic dysfunction 0 (0.0) 1 (1.6) 1.000

Hunger 1 (1.7) 0 (0.0) 0.492

Neck pain 1 (1.7) 0 (0.0) 0.492

Bone fracture 1 (1.7) 0 (0.0) 0.492

Autoimmune pancreatitis 0 (0.0) 1 (1.6) 1.000

Lowering of systolic blood pressure 0 (0.0) 1 (1.6) 1.000

Upper airway inflammation 0 (0.0) 1 (1.6) 1.000

Upper airway cough syndrome 1 (1.7) 0 (0.0) 0.492
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during the study. Indeed, the change in PAID
score from baseline to week 24 was positively
correlated with the change in HbA1c from
baseline to week 24 (r = 0.19). We had also
hypothesized that PAID scores would be lower
in the patient-led group than in the physician-
led group, since participants in the patient-led
group adjusted the insulin dose themselves
based on SMBG, distinct treatment goals, and
their understanding of the relationship between
dietary intake and required insulin dose.
Although the improvement in PAID scores was
greater in the patient-led group, no significant
between-group difference was observed in this
study. Two recent studies reported similar
results. The Take Control study, which com-
pared patient-led with physician-led insulin
titration in European T2DM patients, reported
that emotional distress (as measured via the
Diabetes Distress Scale) improved in both
groups, and that there was no significant
between-group difference [5]. The ITAS study
conducted in Italy also demonstrated that PAID
scores were reduced in both patient-managed

and physician-managed groups, and found no
significant between-group difference [14].
Together, these results suggest that insulin ini-
tiation by patient-led self-titration could
achieve comparable improvements in emo-
tional distress to physician-led insulin titration,
especially in European countries and Japan.

Treatment satisfaction, as measured by the
DTSQ, improved significantly from baseline to
weeks 12 and 24 in both groups. While treat-
ment satisfaction was higher in the patient-led
group, no significant between-group difference
was observed. Similarly, the ATLAS study [2]
and ITAS study [14] showed that insulin initia-
tion improved treatment satisfaction, as mea-
sured by DTSQ, and reported no differences
between physician-led and patient-led titration,
thus demonstrating that patient-led insulin self-
titration did not compromise treatment satis-
faction [2]. Together, these results suggest that
patient-led insulin titration could yield similar
treatment satisfaction to physician-led insulin
titration if conducted safely and effectively.

Table 3 continued

Adverse event Patient-led group Physician-led group p value

Lowering of ventricular wall motion 0 (0.0) 1 (1.6) 1.000

Wound infection 1 (1.7) 0 (0.0) 0.492

Herpes zoster 1 (1.7) 0 (0.0) 0.492

Enteritis 0 (0.0) 1 (1.6) 1.000

Headache 0 (0.0) 1 (1.6) 1.000

Urinary tract infection 1 (1.7) 0 (0.0) 0.492

Dermatitis 0 (0.0) 1 (1.6) 1.000

Edema 1 (1.7) 0 (0.0) 0.492

Abdominal distention 0 (0.0) 1 (1.6) 1.000

Drug eruption 0 (0.0) 1 (1.6) 1.000

Cystitis 1 (1.7) 1 (1.6) 1.000

Bone fracture (serious) 1 (1.7) 0 (0.0) 0.492

Autoimmune pancreatitis (serious) 0 (0.0) 1 (1.6) 1.000

Data are presented as number of patients (%). p values for between-group comparisons were obtained using Fisher’s exact
test
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Confidence in treatment is an important
factor in patient self-management. The Take
Control study [5] and the ITAS study [14]
compared patient empowerment, as measured
by the Diabetes Empowerment Scale, between
patient-led and physician-led titration groups.
Empowerment scores increased from baseline to
week 24 in both groups in both studies, mean-
ing that patients’ confidence in their diabetes
management increased with patient-led insulin
titration. The ITSS is a questionnaire that
assesses self-efficacy in insulin treatment [11].
Domain 2 scores relate to the patient’s confi-
dence with insulin titration, and domain 3
scores concern the patient’s confidence with
glycemic control. Both domains were signifi-
cantly higher in the patient-led group at weeks
12 and 24. This may be because patients in the
patient-led group obtained more detailed
instruction on insulin titration and achieved
confidence in their insulin titration based on
SMBG. This finding highlights the importance
of insulin self-titration at the start of insulin
therapy in T2DM patients. Conversely, domain
1 scores (regarding the patient’s confidence in
the insulin injection procedure) and domain 4
scores (regarding the patient’s confidence in
their ability to cope with hypoglycemia) did not
show any significant between-group differ-
ences. Because knowledge of the insulin injec-
tion procedure and how to manage
hypoglycemia was required in both the patient-
led and the physician-led groups, these results
may demonstrate that the subjects who partic-
ipated in this study were well educated and
confident in their abilities, regardless of their
treatment allocation. The ITSS total score at
week 24 was positively correlated with SMBG
adherence (r = 0.24) and negatively correlated
with HbA1c (r = - 0.27). SMBG adherence was
positively correlated with insulin injection
adherence (r = 0.36) and was negatively corre-
lated with HbA1c (r = - 0.25). These results
suggest that increased self-efficacy could
improve SMBG and insulin injection adherence
and glycemic control, and that the ITSS could
be a useful measurement tool to assess the suc-
cess or failure of patient-led insulin titration.

In this study, greater reductions in HbA1c
and FPG were observed in the patient-led group

compared with the physician-led group. The
ATLAS study also reported greater decreases in
HbA1c and FPG in the patient-led group com-
pared with the physician-led group [2], while
the Take Control study showed a larger decrease
in HbA1c but not in FPG in the patient-led
group compared with the physician-led group
[5], and the ITAS study reported that the
patient-led group had noninferior but not
superior values of HbA1c and FPG compared
with the physician-led group [14].

In this study, the insulin titration algorithm
was mainly based on the algorithm used in the
ATLAS study [2, 15], in which a FPG of less than
6.0 mmol/L was targeted. In addition to the
insulin titration algorithm used in the ATLAS
study, this study classified FPG values of 6.0–-
9.0 mmol/L into four steps (6, 7, 8, and 9 mmol/
L) for insulin dose titration to avoid inducing
hypoglycemia through excess insulin adminis-
tration. Patients in the physician-led group were
asked to titrate the insulin dose at every obser-
vation point, while patients in the patient-led
group titrated the insulin dose more frequently
themselves based on SMBG. As a result, while
both groups started at approximately
6 units/day of insulin, the change in the insulin
daily dose from baseline to week 24 was twice as
large in the patient-led group (19.0 units/day)
than in the physician-led group (9.4 units/day).
Regardless of the differences in the insulin
titration algorithms and the changes in the
insulin daily dose, insulin injection adherence
was as high as[ 97% throughout the study in
both groups, and no significant between-group
difference was observed. These results suggest
that insulin self-titration can be managed
without compromising insulin injection
adherence.

Despite the greater increase in insulin daily
dose in the patient-led group, body weight
increased similarly in both groups in this study.
The ATLAS study also found that body weight
increased similarly in both groups despite a
greater increase in insulin daily dose in the
patient-led group [2]. The Take Control and
ITAS studies showed similar increases in body
weight along with similar increases in insulin
daily dose [5, 14].

Diabetes Ther (2021) 12:595–611 607



Greater increases in insulin daily dose and
body weight and greater improvements in
HbA1c and FPG were observed in the patient-
led group compared with the physician-led
group in this study and the ATLAS study, while
similar increases in insulin daily dose and body
weight and similar improvements in glycemic
control were reported for the patient-led and
physician-led groups in the Take Control and
ITAS studies. Since this study and the ATLAS
study were conducted in Asian countries,
including Japan, while the Take Control study
and the ITAS study were conducted in European
countries, ethnicity may be a reason for the
interstudy differences in the effects of patient-
led and physician-led insulin titration on clini-
cal outcomes. Further international clinical tri-
als are required to compare patient-led and
physician-led insulin titration across countries,
regions, and ethnicities.

Despite the greater increase in insulin daily
dose and greater reductions in FPG and HbA1c
in the patient-led insulin titration group, the
frequency of hypoglycemia was almost the
same in both groups. Severe hypoglycemia was
not reported in either group during the study,
and there was no significant between-group
difference in the frequencies of other subcate-
gories of hypoglycemia (documented symp-
tomatic hypoglycemia, asymptomatic
hypoglycemia, probable symptomatic hypo-
glycemia, hypoglycemia-related symptoms, and
nocturnal hypoglycemia).

Taken together, for patients in both the
patient-led insulin titration group and the
physician-led insulin titration groups, the ini-
tiation of insulin therapy in insulin-naı̈ve
Japanese T2DM patients ultimately resulted in
effective glycemic control without severe
hypoglycemia. The patient-led insulin titration
group was superior in terms of glycemic control
and self-efficacy. Even though healthcare pro-
viders intend to provide the best possible
treatment, patients can be reluctant to initiate
and escalate therapy. The gap between clinical
best practice and patient perception is termed
‘‘clinical inertia’’ [16]. Clinical inertia often
occurs during insulin initiation. Even when
insulin treatment is initiated, the injection of
smaller doses than recommended is frequently

observed. This results in poor glycemic control.
One reason for this clinical inertia regarding
insulin therapy might be physician-led insulin
titration. SMBG and insulin self-titration are
well established in T1DM treatment, as insulin
injection is necessary in T1DM. The results of
the ATLAS [2] and Take Control [5] studies and
the present study clearly demonstrate that
SMBG and insulin self-titration are also effective
for T2DM patients and can be conducted safely.
Insulin self-titration based on SMBG promotes
patient involvement and confidence in their
DM therapy and empowers them. Self-manage-
ment may help combat clinical inertia regard-
ing insulin treatment for T2DM patients.

This study had several limitations. First, it
did not reach the target sample size. In this
study, although we planned to enroll 250
patients, 125 patients were ultimately enrolled.
There are several possible reasons for this
undersized sample. First, among injectable an-
tidiabetic agents, the use of glucagon-like pep-
tide-1 receptor agonists (GLP-1 RAs) has
gradually increased whereas the use of insulin
has decreased year-on-year in Japan [17], prob-
ably because GLP-1 RAs have several advantages
over insulin, such as weight-loss efficacy, car-
diovascular benefits, and a low risk of hypo-
glycemia [18, 19]. The number of patients with
T2DM who wanted to initiate insulin therapy
may therefore have been unexpectedly low.
Another possible reason is that there is often a
psychological barrier to insulin initiation in
patients with T2DM [20]. The additional inter-
vention associated with participation in this
study may have led to an even greater psycho-
logical barrier, resulting in a failure to obtain
informed consent within the limited recruit-
ment period. Also, the recruitment period was
limited due to competitive enrollment with
other studies during the study period. A post-
hoc power calculation was performed using
data on treatment effect and the SD observed in
this study for the primary endpoint. As a result,
a much larger sample size would have been
required for the primary outcome measure
(n = 133,758) to detect a treatment effect (group
difference mean = - 0.13 and standard devia-
tion = 12). Even with a longer recruitment per-
iod, it would therefore have been difficult to
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meet the target sample size in this study, and it
would be difficult to achieve in any planned
new trial. However, this study clearly demon-
strated favorable effects of patient-led self-titra-
tion on self-efficacy and glycemic control.
Finally, this was an open-label trial, and all the
patients were Japanese. Although the main
aspects of insulin self-titration are similar
regardless of the Asian country considered, the
results of this study cannot be generalized to
Asian T2DM patients. Further country-specific
investigations and an international trial are
required.

CONCLUSIONS

Self-measurement of blood glucose and self-ti-
tration of insulin enhanced patient self-efficacy
without compromising their emotional distress
or treatment satisfaction. Also, insulin self-ti-
tration was safe and effective, resulting in better
glycemic control with no events of severe
hypoglycemia. Further, while patient-led and
physician-led titration resulted in similar levels
of emotional distress and treatment satisfaction,
self-titration enhanced patient self-efficacy.
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