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ABSTRACT

Introduction: People with diabetes require
insulin to regulate blood glucose (BG); rapid-
acting insulin analogs (RAIA) represent one
approach for BG management. New fast-acting
RAIA administered at the start of a meal sup-
press postprandial BG better than conventional
RATA. New RAIA are expected to confer higher
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treatment satisfaction and improved quality of
life (QOL) than conventional RAIA.

Methods: This cross-sectional, web-based survey
in Japan (November 2022) included people with
diabetes (type 1/2), aged 218 years, registered in
the Rakuten Insight Diabetes Panel, using new
and/or conventional RAIA. RAIA-specific satis-
faction was evaluated by questions on RAIA use
(scores: 1 [not at all satisfied]; 7 [very satisfied])
and QOL by the Diabetes Therapy-Related (DTR)-
QOL questionnaire (scores: 0-100, 100=best) for
the whole population (primary endpoint) and for
new versus conventional RAIA users (secondary
endpoint). Multiple regression models were used
to compare new versus conventional RAIA users.
Results: The analysis population comprised
217 people with diabetes (new RAIA, n=109;
conventional RAIA, n=108). Mean (standard
deviation) RAIA-specific satisfaction scores
ranged from 5.1 (1.2) to 5.4 (1.2); DTR-QOL total
score was 51.6 (20.4). RAIA satisfaction scores
were numerically higher for new versus conven-
tional RAIA users; no difference in DTR-QOL
total score was observed. DTR-QOL satisfaction
with treatment domain score was significantly
higher in new versus conventional RAIA users
(least squares mean difference [standard error]:
7.3 [3.1]; 95% confidence interval: 1.2, 13.4;
P=0.0197). RAIA-specific satisfaction was higher
among patients who discussed BG sufficiently
with their doctor versus those who did not.
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Conclusions: New RAIA users have greater
treatment satisfaction than conventional RAIA
users. QOL was similar among new and con-
ventional RAIA users, except for satisfaction
with treatment, which was significantly higher
among new RAIA users. Detailed explanations
from the doctor to the person with diabetes

about the relationship between new RAIA and
BG status are essential.

A graphical plain language summary is available
with this article.
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Graphical Plain Language Summary:

Therapy-Related Satisfaction and Quality of Life for

Japanese People with Diabetes Using Rapid-Acting
Insulin Analogs: A Web-Based Survey

Hitoshi Ishii, Yasutaka Maeda, Manaka Sato, Zhihong Cai, Makoto Imori
Diabetes Ther (2024)

Summary
The survey showed that people with diabetes using new, faster-acting
mealtime insulins feel more satisfied but have similar quality of life
to those using old mealtime insulins

Insulin is a treatment used in diabetes to control blood sugar levels
There are two types of mealtime insulins (rapid-acting insulin analogs)

Old (conventional): Injected within 15 minutes before meals
New (faster-acting): Can be injected at the start of a meal

How did we do the study?

This study was a web survey of adults with type 1 or type 2 diabetes
done in Japan in November 2022

people with diabetes completed the survey

000

(7 108 people used the old 222 109 people used new,
)[[1)[[]\ mealtime insulins faster-acting mealtime insulins
+ 81% for more than 3 years « 85% for less than 3 years
+ 81% male, average age * 73% male, average age
59 years, 66% type 2 diabetes 56 years, 46% type 2 diabetes

What were the results of the study?

@ Average treatment satisfaction scores ranged from 5.1 to 5.4 out of 7 (very satisfied)

My medication can quickly lower blood sugar levels

My medication can stop blood sugar levels
going up and down after meals

My medication can be injected

almost at the same time as eating

| have shorter wait time between injection and meals

| can inject during the meal

(within 20 minutes after starting the meal)
My medication stops blood sugar levels
from getting too low before the next meal
My medication stops blood sugar levels
from getting too low at night

T T T T T
2 3 4 5 6 7
— =
™ New, faster-acting mealtime insulins @ QD Q—) @
Old mealtime insulins Not at all satisfied Very satisfied

Overall quality of life
@ Average quality of life total score was 51.6 out of 100 (best quality of life)

1. Burden on social activities and daily activities

2. Anxiety (feeling stressed) and dissatisfaction with treatment
3. Hypoglycemia (low blood sugar)

4. Satisfaction with treatment

Overall quality of life (total score = sum of items 1-4)

L e e s S s |
0 10 20 30 40 50 60 70 80 90 100

m New, faster-acting mealtime insulins () @
Old mealtime insulins

Worst quality of life Best quality of life
The graphical PLS represents of the authors. For a full , PEER-REVIEWED
/\ A d . and author d inf . ple textonline. INFOGRAPHIC
22 1S Gmeauthors, CCBY-NC 2024, .
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Key Summary Points

Why carry out this study?

Treatment with rapid-acting insulin analogs
(RAIA) is one approach for managing blood
glucose in people with diabetes.

New RAIA are faster-acting and suppress post-
prandial blood glucose better than conven-
tional RAIA when administered at the start of
a meal.

Therefore, new RAIA are expected to confer
higher treatment satisfaction and improved
quality of life (QOL) in people with diabetes
than conventional RAIA.

What was learned from the study?

People with diabetes using new RAIA treat-
ments have greater treatment satisfaction
than people using conventional RAIA treat-
ments; QOL was similar among new RAIA
users and conventional RAIA users, except
for satisfaction with treatment, which was
significantly higher among new RAIA users.

For better treatment satisfaction, detailed
explanations from the doctor to the person
with diabetes about the relationship between
new RAIA and blood glucose status are essen-
tial.

DIGITAL FEATURES

This article is published with digital features,
including a graphical plain language summary,
to facilitate understanding of the article. To view
digital features for this article, go to https://doi.
org/10.6084/m9.figshare.25407607.

INTRODUCTION

Diabetes is a chronic condition that occurs
when either the body cannot effectively use
insulin or when the pancreas does not produce
enough insulin; insulin is required for regu-
lating blood glucose (BG) levels [1]. In 2021,
537 million adults worldwide were living with
diabetes, equating to approximately one in ten
adults, with this number predicted to rise to
643 million by 2030 [2]; the age-adjusted com-
parative prevalence was 9.8% [2]. In Japan, 11
million people were living with diabetes and
the age-adjusted comparative prevalence was
6.6% [2].

The current standard of care in diabetes
indicates that insulin therapy, such as insulin
analogs, is one approach for the management
of BG [3-5]. Conventional rapid-acting insulin
analogs (RAIA), including insulin lispro, insulin
aspart, and insulin glulisine, are administered
within 15 min before starting a meal [6-11],
with one study indicating that administration
15 min before a meal is best for suppression of
postprandial BG [12]. In recent years, new RAIA,
such as ultra-rapid lispro (URLi) and fast-acting
insulin aspart, have become available and have
been shown to be noninferior to conventional
RAIA in terms of glycemic control, and superior
in terms of postprandial glucose excursions [13,
14], more closely matching the glucose control
observed in people without diabetes [15]. As
new RAIA suppress postprandial BG better than
conventional RAIA [13, 14], new RAIA have
the advantage of administration at the start
of a meal or within 20 min of starting a meal
[16-19]. Quality of life (QOL) in users of con-
ventional RAIA has been assessed [20-29]; how-
ever, these studies are now more than 10 years
old, and new RAIA are expected to confer higher
treatment satisfaction and improved QOL com-
pared with conventional RAIA.

This cross-sectional, web-based survey inves-
tigated RAIA-specific satisfaction and QOL in
people with diabetes who are using new RAIA
and/or conventional RAIA. Furthermore, RAIA-
specific satisfaction and QOL by timing of BG
level checks was assessed.
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METHODS

Study Design

This study was a cross-sectional, web-based sur-
vey conducted in Japan in November 2022. A
study invitation e-mail was sent from the survey
operator (Rakuten Insight Inc., Tokyo, Japan) to
people who had registered their disease as dia-
betes in the Rakuten Insight Diabetes Panel. To
register as a ‘potential participant’ of the survey,
participants were required to access and read the
electronic Informed Consent Form (eICF), agree
to join the study after reading the eICF, consent
to publication of the study results, and give their
voluntary web-based agreement; a compensa-
tion fee (shopping points) for cooperating in the
study was supplied to participants. In the first
section of the study questionnaire, questions
confirming if the potential participant met all
the eligibility criteria were asked; those who met
eligibility criteria were defined as ‘study partici-
pants’ and those who did not meet the criteria
were excluded. Participants could be withdrawn
from the study if it was obvious that a partici-
pant had not answered questions honestly (for
example, those who answered all the questions
with number 1, or who finished all the ques-
tions in a very short time), when a participant
requested withdrawal from the study, or when
a participant violated the selection criteria. All
personally identifiable information was masked
by the survey operator. The study was approved
by the Takahashi Clinic Ethics Committee
(approval number: LNW00171) and was con-
ducted in accordance with the ethical principles
that have their origin in the Declaration of Hel-
sinki of 1964 and its later amendments, and that
are consistent with Ethical Guidelines for Medi-
cal and Biological Research Involving Human
Subjects, and Japanese laws and regulations.

Study Population

Individuals were included in the study if they
were aged > 18 years, had been diagnosed with
type 1 or type 2 diabetes, were using new RAIA

(URLi [Eli Lilly and Company] and fast-acting
insulin aspart [Novo Nordisk]), and/or conven-
tional RAIA (insulin lispro [Eli Lilly and Com-
pany], insulin aspart [Novo Nordisk], insulin
glulisine [Sanofi], and biosimilar products), and
were able to participate in a web-based survey.
Individuals were excluded from the study if they
had been diagnosed with gestational diabetes.

Survey Items

Demographic and participant background infor-
mation was collected, including age, sex, body
mass index (BMI), type(s) of diabetes, diabetes
duration, hemoglobin Alc (HbA1lc), diabetes
complications (retinopathy, nephropathy, neu-
ropathy, cerebral infarction, angina pectoris/
myocardial infarction, peripheral arterial dis-
ease, or others), type of RAIA (new RAIA or con-
ventional RAIA, and their biosimilar products),
and family members living with the participant.

To evaluate treatment satisfaction, custom
RAIA-specific satisfaction questions related to
RAIA use were asked (see Supplementary Mate-
rial). Each question was rated on a seven-point
Likert scale, with 1 indicating the highest satis-
faction and 7 indicating the lowest satisfaction.
When conducting the analysis, the score for
each question was reversed so that 7 represents
the highest satisfaction: 1. Not at all satisfied;
2. Not satisfied; 3. Not satisfied very much; 4.
Neither satisfied nor not satisfied; 5. Satisfied a
little; 6. Satisfied; 7. Very satisfied. Other custom
questions to assess QOL and satisfaction with
treatment by timing of when BG levels were
checked and by patient-doctor communication
regarding glycemic status in new RAIA users and
conventional RAIA users were included (see Sup-
plementary Material).

To assess the influence of diabetes treatment
on participant’s QOL, regardless of treatment
method, the disease-specific, self-administered,
Diabetes Therapy-Related (DTR)-QOL question-
naire was used [30]. The DTR-QOL consists of
four domains: 1. Burden on social activities and
daily activities (13 items); 2. Anxiety and dissat-
isfaction with treatment (eight items); 3. Hypo-
glycemia (four items); and 4. Satisfaction with
treatment (four items). Questions are rated on a
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seven-point Likert scale (1: strongly agree to 7:
strongly disagree), with higher scores indicating
higher QOL (scores for the four items in the ‘sat-
isfaction with treatment’ domain are reversed;
1: strongly disagree to 7: strongly agree) [30].
Calculations for DTR-QOL were conducted as
described previously [30]; in summary, after sim-
ple addition of the item scores, the total score
was converted to 0-100 with 100 representing
the best score. The domain score was calculated
as the mean score of the attribute items within
the domain, and the scoring range was con-
verted to 0-100.

Statistical Analysis

The planned sample size was 200 people with
diabetes, including 100 new RAIA users and 100
conventional RAIA users. The sample size for
new RAIA users was set as a ‘potentially achiev-
able size’, based on data obtained in a feasibility
check, whereas the size for conventional RAIA
users was determined based on discussion with
the Panel Survey Operator and Questionnaire
Designer. The survey was stopped when each
group reached 100 individuals with diabetes to
ensure equal proportions of new and conven-
tional RAIA users were included in the analysis
population.

N = 28,463

People with diabetes registered in the Rakuten Insight Diabetes Panel

N

n=14,760

People with diabetes who responded to the survey

N

Informed consent not obtained
n = 3986

n=10,774

Informed consent obtained

N

A

Excluded from the analysis set n = 10,557
Screen failure n=10,554
Omitted n=3

Analysis population
n=217

|

New RAIA users
n=109

Conventional RAIA users

n=108

Fig. 1 Participant flow. R4IA rapid-acting insulin analog
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Table 1 Demographic and clinical characteristics of participants
Characteristic All (N=217) New RAIA users® Conventional RAIA P value
(N=109) users® (N'=108)
Age (years)
Mean (SD) 57.3(11.8) 55.9 (12.9) 58.8 (10.4) 0.0700°
Sex
Male 168 (77.4) 80 (73.4) 88 (81.5) 0.1940¢
Female 49 (22.6) 29 (26.6) 20 (18.5)
BMI (kg/m?)
Mean (SD) 24.7 (5.3) 24.1 (4.8) 25.25(5.8) 0.1206¢
Family members living together
Yes 158 (72.8) 89 (81.7) 69 (63.9) 0.0038¢
No 59 (27.2) 20 (18.3) 39 (36.1)
Diabetes duration (years)
n 188 93 95
Mean (SD) 16.3(11.6) 14.9 (11.4) 17.7 (11.7) 0.0902¢
Types of diabetes
Type 1 88 (40.6) 54 (49.5) 34(31.5) 0.0130¢
Type 2 121 (55.8) 50 (45.9) 71(65.7)
Other diabetes (except gestational diabetes) 8(3.7) 5 (4.6) 3(2.8)
HbAlc (%)
n 199 99 100
Mean (SD) 7.4(1.0) 7.4 (1.1) 7.3 (1.0) 0.5582°
Diabetes complications
Retinopathy 39 (18.0) 19 (17.4) 20 (18.5) 0.8613¢
Nephropathy 24 (11.1) 11(10.1) 13 (12.0) 0.6715¢
Neuropathy 20(9.2) 10 (9.2) 10 (9.3) 1.0000¢
Cerebral infarction 7(3.2) 5 (4.6) 2(1.9) 0.44554
Angina pectoris/myocardial infarction 13 (6.0) 4(3.7) 9(8.3) 0.1653¢
Peripheral arterial discase 2(0.9) 1(0.9) 1(0.9) 1.0000¢
Duration of RAIA use
<1 year - 48 (44.0) 6(5.6) -
1 to <2 years - 33 (30.3) 7 (6.5) -
2 to < 3 years - 12 (11.0) 7(6.5) -
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Table 1 continued

Characteristic All (N=217) New RAIA users® Conventional RAIA P value
(N=109) users® (V= 108)
3 to <5 years - - 15(13.9) -
5 to < 10 years - - 29 (26.9) -
10 or more years - - 44 (40.7) -
Missing - 16 (14.7) 0 -

Data are 7 (%) unless otherwise indicated

BMI body mass index, Hb.A1c hemoglobin Alc, RAIA rapid-acting insulin analog, SD standard deviation

Ultra-rapid lispro and fast-acting insulin aspart

Insulin lispro, insulin aspart, insulin glulisine, and their biosimilar products

f test

dFisher’s exact test

Continuous variables were presented as num-
ber of participants, mean, standard deviation
(SD), minimum, 25th percentile, median, 75th
percentile, and maximum; categorical variables
were presented as number and percentage. For
the primary analysis, descriptive statistics for
each question on RAIA-specific satisfaction, and
for DTR-QOL total score and for each domain,
are presented for the whole population (new and
conventional RAIA users combined). For second-
ary analyses, descriptive statistics for each ques-
tion about RAIA-specific satisfaction are summa-
rized for new RAIA users and for conventional
RAIA users, and the Wilcoxon rank-sum test
was used to assess if there was any difference
between the two groups. Descriptive statistics
for each domain and total score for DTR-QOL
are presented for new RAIA users and for con-
ventional RAIA users, and t tests were performed
to assess if there were any differences between
the two groups. Multiple regression models
were used to compare RAIA users (new vs. con-
ventional) for each RAIA-specific satisfaction
question, and each domain and total score in
DTR-QOL scores. Differences of least squares
(LS) means (new RAIA - conventional RAIA) and
standard error (SE) of the LS means with 95%
confidence intervals (CI) and associated P values
were calculated. To investigate RAIA-specific sat-
isfaction and DTR-QOL scores by whether partic-
ipants did or did not check BG levels after meals,
participants were divided into four subgroups:

new RAIA users who checked their BG level after
any meal (breakfast, lunch, or dinner); new RAIA
users who did not check their BG level after any
meal; conventional RAIA users who checked
their BG level after any meal; and conventional
RAIA users who did not check their BG level
after any meal. Multiple regression models were
used to compare the timing of BG level checks
(after any of the three meals [breakfast, lunch,
or dinner] vs. none) for each RAIA-specific satis-
faction question, and for each domain and total
score of the DTR-QOL, by new RAIA users and
conventional RAIA users separately.

For the exploratory analysis to investigate
RAIA-specific satisfaction and DTR-QOL scores
by communication with doctors, participants
were asked “Do you sufficiently discuss your
blood sugar test results with your doctor during
your consultation?” Response categories were
“we discuss sufficiently”, “we sometimes dis-
cuss”, “I am not sure”, “we do not discuss very
much”, and “we do not discuss at all”. Mean
(SD) scores were summarized and tested by
Kruskal-Wallis test and one-way analysis of vari-
ance, respectively, for each response category.

For all multiple regression analyses, adjust-
ment factors for bias and confounding were age
(continuous variable), sex (male/female), type of
diabetes (type 1/type 2, excluding other), and
types of BG monitoring systems (self-monitoring
blood glucose only, flash glucose monitoring,
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Table 2 RAIA satisfaction score and DTR-QOL score in people with diabetes who are using RAIA (N=217)
Items, mean (SD) All(N=217) NewRAIA  Conventional Pvalue
users” RAIA users®
(N=109)  (N=108)
RAIA-specific satisfaction score®
1. The rapid-acting insulin analog that you currently use can 5.4 (1.2) 5.5(1.2) 5.2(1.3) 0.0395¢
quickly lower the BG level after administering it
2. 'The rapid-acting insulin analog that you currently use can 5.4 (1.2) 5.5(1.2) 5.3(1.2) 0.1795¢
control postprandial BG spikes
3. The rapid-acting insulin analog that you currently use 5.4(1.2) 5.5(1.3) 5.2(1.2) 0.0593¢
allows you to administer it almost at the same time as you
start eating
4. The rapid-acting insulin analog that you currently use 5.4(1.2) 5.6(1.2) 5.3(1.2) 0.0290¢
allows for a shorter wait time between injections and
meals, which avoids wasting time
5. The rapid-acting insulin analog that you currently use 5.2(1.3) 5.5(1.2) 4.9 (1.3) 0.0005¢
allows you to administer it during the meal (within
20 min after starting the meal)
6. The rapid-acting insulin analog that you currently use can 5.1 (1.3) 52(1.2) 4.9 (1.4) 0.0550¢
control excessive decreases in the BG level before the next
meal
7. 'The rapid-acting insulin analog that you currently use can 5.1 (1.2) 5.2(1.1) 5.0 (1.2) 0.1060¢
control excessive decreases in the BG level at night time
DTR-QOLS
Domain 1: Burden on social activities and daily activities ~ 53.8 (24.9)  52.8 (25.8) 54.9 (24.0) 0.5376°
Domain 2: Anxiety and dissatisfaction with treatment 46.8 (23.6)  44.9 (24.0) 48.7 (23.1) 0.2367°
Domain 3: Hypoglycemia 50.3(29.1)  45.9(28.8) 54.8 (28.9) 0.0238°
Domain 4: Satisfaction with treatment 55.2(21.2)  58.0(20.2) 52.5(21.9) 0.0570¢
Total score 51.6(204)  50.4(21.3) 52.8 (19.4) 0.3758"

BG blood glucose, DTR-QOL Diabetes Therapy-Related %ality of Life, RAIA rapid-acting insulin analogs, SD standard

deviation
*Ultra-rapid lispro and fast-acting insulin aspart

®Tnsulin lispro, insulin aspart, insulin glulisine, and their biosimilar products

“RAIA-specific satisfaction score range: 1. “Not at all satisfied” to 7. “Very satisfied”

dWilcoxon rank-sum test (new RAIA vs. conventional RAIA)

“Total score and each domain score= (observed score —minimum possible value) / (maximum possible value — minimum

possible value) x 100, with 100 representing the best score
ff test (new RAIA vs. conventional RAIA)
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real-time continuous glucose monitoring [CGM]
or professional CGM, excluding participants
who were not using a monitoring system). The
significance level was two-sided 5%; statistical
comparisons of new RAIA users versus conven-
tional RAIA users for participant demographic
and clinical characteristics were performed
as a post hoc analysis. Missing data were not
imputed and no multiplicity adjustment was
performed. Analyses were conducted using SAS
software, version 9.4 for Windows (SAS Institute,
Cary, NC, USA).

RESULTS

Demographic and Clinical Characteristics of
Participants

The analysis population consisted of 217 peo-
ple with diabetes, including 109 new RAIA users
and 108 conventional RAIA users (Fig. 1). Most
participants who provided informed consent
were excluded because of screen failure; three
participants who completed the survey were
excluded because there was doubt about the
accuracy of the answers due to the speed with
which they answered the questions. For the
analysis population, mean age was 57.3 years,
77.4% of participants were male, and the mean
BMI was 24.7 kg/m? (Table 1). Mean duration
of diabetes was 16.3 years, 40.6% of partici-
pants had type 1 diabetes and 55.8% had type
2 diabetes, and mean HbAlc was 7.4%. New
RAIAs had been used for<3 years in at least
85% of participants, whereas conventional
RAIAs had been used for>3 years in 81% of
participants. Demographic and clinical char-
acteristics were similar between the new RAIA
users and conventional RAIA users except for
‘family members living together’ and ‘type of
diabetes’, which were both significantly differ-
ent between new RAIA users and conventional
RAIA users (Table 1). The proportion of par-
ticipants with family members living together
(81.7 vs. 63.9%) and the proportion of par-
ticipants with type 1 diabetes (49.5 vs. 31.5%)
were significantly higher for new RAIA users
versus conventional RAIA users, respectively.

New RAIA users tended to be younger (mean
55.9 vs. 58.8 years, respectively), more often
female (26.5 vs. 18.5%, respectively), and
with a shorter duration of diabetes (mean 14.9
vs. 17.7 years) than conventional RAIA users
(Table 1). Among conventional RAIA users,
there was a higher proportion of participants
with type 2 diabetes versus type 1 diabetes (65.7
vs. 31.5%, respectively), which differs from that
among new RAIA users where the proportions
were similar (45.9 vs. 49.5%, type 2 diabetes vs.
type 1 diabetes, respectively).

Primary Endpoints

Among the total population, the mean (SD)
RAIA-specific satisfaction scores ranged from 5.1
(1.2) to 5.4 (1.2), where a score of 7 represents
the highest satisfaction, and the mean (SD) DTR-
QOL total score was 51.6 (20.4), where a score of
100 represents the highest health-related QOL
(Table 2). Satisfaction scores were highest for
questions related to the ability of the RAIA to
control postprandial BG spikes, to enable admin-
istration at almost the same time as starting a
meal, and a shorter wait time between injections
and meals. The DTR-QOL domain score for sat-
isfaction with treatment was the highest (mean
[SD], 55.2 [21.2]) and the domain score for anxi-
ety and dissatisfaction with treatment was the
lowest (mean [SD], 46.8 [23.6]).

Secondary Endpoints

New RAIA Users and Conventional RAIA
Users

For unadjusted data, the mean (SD) RAIA sat-
isfaction score for each custom question was
numerically higher for new RAIA users com-
pared with conventional RAIA users and was
statistically significantly higher for custom ques-
tion 1, “The rapid-acting insulin analog that you
currently use can quickly lower the BG level
after administering it” (5.5 [1.2] vs. 5.2 [1.3];
P=0.0395), custom question 4, “The rapid-act-
ing insulin analog that you currently use allows
for a shorter wait time between injections and
meals, which avoids wasting time” (5.6 [1.2] vs.
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LS Mean (SE) RAIA Satisfaction Score

Q1 Q2 Q3 Q4 Q5 Q6 Q7
RAIA-Specific Satisfaction

Q1. RAIA can quickly lower the BG level
Q2. RAIA can control postprandial BG spikes
Q3. RAIA can be administered almost at the same time as eating
Q4. RAIA allows for shorter wait times between injection and meals
Q5. Can administer RAIA during the meal (within 20 min after starting the meal)
Q6. RAIA can control excessive decreases in BG before the next meal
Q7. RAIA can control excessive decreases in BG level at night

b

oomain + [T .
Domain 2 _ :|ns
Domain 3 _ __I ns
Domain 4 [P

Total score F :l ns
r

T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
DTR-QOL LS Mean (SE) Score

Domain 1: Burden on social activities and daily activities
Domain 2: Anxiety and dissatisfaction with treatment
Domain 3: Hypoglycemia

Domain 4: Satisfaction with treatment

== New RAIA (n=99) Conventional RAIA (n = 101)

Fig.2 RAIA satisfaction score (a) and DTR-QOL score BG blood glucose, DTR-QOL Diabetes Therapy-Related
(b) in people with diabetes who are using new RAIA and Quality of Life, LS least squares, zs nonsignificant, RAIA
conventional RAIA (multiple regression model). *P < 0.05. rapid-acting insulin analog, SE standard error
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5.3 [1.2]; P=0.0290), and custom question 5, meal (within 20 min after starting the meal)”
“The rapid-acting insulin analog that you cur- (5.5 [1.2] vs. 4.9 [1.3]; P=0.0005) (Table 2).
rently use allows you to administer it during the
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«Fig.3 RAIA satisfaction score (a, b) and DTR-QOL
score (c, d) in people with diabetes who are using new
RAIA and conventional RAIA with and without post-
meal blood glucose level check at any of the three follow-
ing times: breakfast, lunch, or dinner (multiple regression
model). *P < 0.05. BG blood glucose, DTR-QOL Diabetes
Therapy-Related Quality of Life, LS least squares, zs non-
significant, RAIA rapid-acting insulin analog, SE standard
error

After adjustment for confounding factors, RAIA
satisfaction score for each custom question was
numerically higher for new RAIA users compared
with conventional RAIA users (Fig. 2a). Signifi-
cant differences were observed between the two
groups for custom question 5, “The rapid-acting
insulin analog that you currently use allows you
to administer it during the meal (within 20 min
after starting the meal),” (LS mean difference [SE]
0.5 [0.2]; 95% CI 0.2, 0.9; P=0.0048), custom
question 6, “The rapid-acting insulin analog that
you currently use can control excessive decreases
in the blood glucose level before the next meal,”
(LS mean difference [SE] 0.5 [0.2]; 95% CI1 0.2, 0.9;
P=0.0066), and custom question 7, “The rapid-
acting insulin analog that you currently use can
control excessive decreases in the blood glucose
level at night time” (LS mean difference [SE] 0.4
[0.2]; 95% CI1 0.1, 0.7; P=0.0269).

For unadjusted data, no difference in the DTR-
QOL total score was observed between new RAIA
users and conventional RAIA users, but there was
a significant difference in the DTR-QOL domain
score for hypoglycemia (mean [SD]: 45.9 [28.8]
vs. 54.8 [28.9], respectively; P=0.0238) (Table 2).

After adjustment for confounding factors,
no difference in the DTR-QOL total score was
observed between new RAIA users and conven-
tional RAIA users, hypoglycemia was no longer
significantly different between the two groups,
but there was a significant difference in the DTR-
QOL domain score for satisfaction with treat-
ment (LS mean difference [SE]: 7.3 [3.1]; 95% CI
1.2, 13.4; P=0.0197) (Fig. 2b).

Post-Meal Blood Glucose Level Check

There was no difference in RAIA-specific satisfac-
tion scores with or without checking BG level

after a meal for both new RAIA users (Fig. 3a) and
conventional RAIA users (Fig. 3b). Among new
RAIA users, there was no difference in DTR-QOL
total score for those who checked BG level after a
meal compared with those who did not (Fig. 3¢).
However, DTR-QOL total score was statistically
significantly lower for conventional RAIA users
who checked BG level after a meal compared
with those who did not (LS mean difference
[SE]-8.6 [4.2]; 95% CI-16.9,-0.4; P=0.0412)
(Fig. 3d). For conventional RAIA users, DTR-QOL
domain scores for anxiety and dissatisfaction
with treatment and hypoglycemia were statisti-
cally significantly lower for those who did check
BG level after a meal compared with those who
did not (LS mean difference [SE]-10.1 [4.7]; 95%
CI-19.3,-0.8; P=0.0333; and LS mean difference
[SE]-14.3 [6.2]; 95% CI-26.6,-2.0; P=0.0235,
respectively).

Exploratory Endpoint

Communication with Doctors

There was a statistically significant difference
in most satisfaction scores across the levels of
reported communication with doctors regarding
glycemic status (Fig. 4a). Satisfaction was numeri-
cally higher among participants who discussed
BG levels sufficiently with their doctor compared
with those who did not (Fig. 4a); no significant
difference was observed for custom question 6,
“The rapid-acting insulin analog that you cur-
rently use can control excessive decreases in the
blood glucose level before the next meal”. The
DTR-QOL domain score for satisfaction with
treatment was numerically higher among par-
ticipants who did discuss BG levels sufficiently
with the doctor compared with those who did
not (Fig. 4b).

DISCUSSION

This cross-sectional, web-based survey is the
first study to assess treatment satisfaction and
QOL in people with diabetes who are users of
new or conventional RAIA in the real-world
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Q1. RAIA can quickly lower the BG level

Q2. RAIA can control postprandial BG spikes

Q3. RAIA can be administered almost at the same time as eating

Q4. RAIA allows for shorter wait times between injection and meals

Q5. Can administer RAIA during the meal (within 20 min after starting the meal)
Q6. RAIA can control excessive decreases in BG before the next meal

Q7. RAIA can control excessive decreases in BG level at night

100 ns

DTR-QOL Mean (SD) Score

Domain 1 Domain 2 Domain 3 Domain 4 Total
DTR-QOL

Domain 1: Burden on social activities and daily activities
Domain 2: Anxiety and dissatisfaction with treatment
Domain 3: Hypoglycemia

Domain 4: Satisfaction with treatment

mm  Discuss sufficiently (n = 126) w== Do not discuss very much (n = 6)
mm  Sometimes discuss (n = 64) Do not discuss at all (n = 5)
mm | am not sure (n = 16)

setting in Japan. In the whole study population RAIA-specific satisfaction scores were high but
(new and conventional RAIA users combined), DTR-QOL scores were not [30, 31]. RAIA-specific
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«Fig.4 RAIA satisfaction score (a) and DTR-QOL score
(b) in people with diabetes who are using RAIA by com-
munication with their doctor regarding glycemic status.
Domain 1: Burden on social activities and daily activities.
Domain 2: Anxiety and dissatisfaction with treatment.
Domain 3: Hypoglycemia. Domain 4: Satisfaction with
treatment. *P < 0.05 Kruskal-Wallis test. “P < 0.05 one-way
ANOVA. ANOVA analysis of variance, BG blood glucose,
DTR-QOL Diabetes Therapy-Related Quality of Life, LS
least squares, 7s nonsignificant, RAIA rapid-acting insulin
analog, SE standard error

satisfaction scores were numerically higher
for new RAIA users compared with conven-
tional RAIA users and were significantly higher
for questions related to administration of the
RAIA during a meal, for controlling excessive
decreases in BG level before the next meal, and
for controlling excessive decreases in BG level
at night time. There was no difference in the
DTR-QOL total score between new and conven-
tional RAIA users; however, after adjustment for
confounding factors, the score for the DTR-QOL
domain satisfaction with treatment was signifi-
cantly higher for users of new RAIA compared
with conventional RAIA users. Furthermore,
DTR-QOL for the domain satisfaction with treat-
ment was higher for participants who discussed
sufficiently their BG levels with their doctor
compared with those who did not.

In the current study, self-monitoring of BG
levels did not affect RAIA-specific satisfaction.
No difference in RAIA-specific satisfaction was
observed between participants who do conduct
post-meal BG level checks compared with those
who do not; results were consistent for new and
conventional RAIA users. These results suggest
that the participants lacked knowledge and
information about BG, which is thought to be
affecting their satisfaction with treatment. How-
ever, participants were able to realize the benefit
of RAIA treatment when they had discussed suf-
ficiently with their doctor about the relationship
between their BG status and their RAIA treat-
ment. Therefore, it is considered important for
physicians who have the knowledge and infor-
mation about BG to communicate and discuss
this with their patients.

The DTR-QOL domain score for satisfaction
with treatment—which includes four questions
related to current glycemic control, maintaining
good glycemic control with current treatment,
hope about the future with current treatment,
and satisfaction with current diabetes treat-
ment—was significantly higher for new RAIA
users compared with conventional RAIA users;
DTR-QOL total scores were similar between new
versus conventional RAIA users. For both new
and conventional RAIA users, there was a trend
for higher DTR-QOL scores among those partici-
pants who did not check their post-meal BG level
compared with those who did. For conventional
RAIA users, DTR-QOL domain scores for anxiety
and dissatisfaction with treatment, hypoglyce-
mia, and DTR-QOL total score were significantly
lower for participants who did check their post-
meal BG compared with those who did not. The
lower QOL observed for participants who did
check their post-meal BG level may be the result
of those individuals feeling anxious, worried, or
scared of the varied results of their post-meal BG
(i.e., BG levels were not within desired/expected
range), it may have been difficult for them to
realize postprandial BG decreased with RAIA
treatment, or lastly, it may be inconvenient for
people with diabetes to measure their post-meal
BG leading to the lower DTR-QOL scores.

We evaluated RAIA-specific satisfaction and
QOL by the level of communication with the
doctor regarding glycemic status. For all custom
questions, including those not related to BG,
RAIA-specific satisfaction was higher in those
participants who discussed glycemic status and
injection timing with meals sufficiently with
their doctor, including those questions that were
not related to BG. Therefore, it is important for
doctors to discuss not only BG but also the tim-
ing of RAIA injections and their relationship
with meals. This will improve the understand-
ing of new RAIA treatments and further improve
the QOL of people with diabetes. With regards
to QOL, satisfaction with treatment was higher
for those who did discuss BG levels sufficiently
with the doctor, but QOL related to hypoglyce-
mia tended to be higher for those participants
who did not discuss BG levels at all compared
with those who did. However, the number of
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participants who did not discuss BG levels at all
was very small (n=35), so it is hard to draw firm
conclusions; nevertheless, most participants
felt that they did discuss BG levels sufficiently
with their doctors. Overall, these results indicate
that RAIA-specific satisfaction and QOL scores
increase with greater communication with the
treating doctor. Within these discussions with
the doctor, the person with diabetes should
receive an explanation about the effects of new
RAIA treatment on BG and the timing of RAIA
injections, which may enable the person to rec-
ognize the benefits of new versus conventional
RAIA treatment.

This study assessed treatment satisfaction
using custom questions and QOL using a vali-
dated diabetes-specific questionnaire and is
strengthened by the large sample size (>200 peo-
ple with diabetes) consisting of both new RAIA
users and conventional RAIA users. This study
included people with type 1 diabetes and peo-
ple with type 2 diabetes; although we did adjust
for ‘type of diabetes’ in the multiple regression
analysis, we acknowledge that the pathophysi-
ology, disease history, and experience for peo-
ple with type 1 diabetes are distinct from those
with type 2 diabetes. In this study, multiplicity
adjustment was not conducted because these
results are exploratory, and nonvalidated custom
questions were included in the survey. Further-
more, the study is not representative of all people
with diabetes in Japan, because not all people
with diabetes in Japan have registered their dis-
ease with the survey operator. A response bias
because participation was not mandatory and a
selection bias as highly motivated people with
diabetes were more likely to participate may have
occurred. There may have been selection bias for
new RAIA and conventional RAIA users that was
not completely adjusted for, as well as bias for
people who check post-meal BG because pre-
meal BG check is considered general practice for
people with diabetes. Post hoc analyses of demo-
graphic and clinical characteristics indicated a
significant difference for the proportion of par-
ticipants with ‘family members living together’
between new RAIA users and conventional RAIA

users. However, we did not consider ‘family
members living together’ for adjustment, and
this may have affected the study results. Moreo-
ver, we did not consider and report the number
of RAIA injections in a day, and this could have
an impact on treatment satisfaction or QOL.
Lastly, CGM usage and nutrition (especially the
amount of carbohydrate and the carbohydrate-
to-fat ratio) have been shown to have a greater
effect on postprandial glucose response than
insulin in a prediction model of people with type
1 diabetes [32]. Similarly, consumption of carbo-
hydrates in Western countries tends to be lower
in comparison with the target carbohydrate rate
recommended by the Japan Diabetes Society
(approximately 40% vs. recommended 50-60%)
[33, 34]. In this study, we adjusted for CGM
usage but not for carbohydrate intake because
data related to nutrition were not collected.

CONCLUSIONS

The present study suggests that people with dia-
betes using new RAIA treatments have greater
treatment satisfaction than people using con-
ventional RAIA treatments. Furthermore, QOL
was similar among new RAIA users and conven-
tional RAIA users, except for QOL related to sat-
istaction with treatment, which was significantly
higher among new RAIA users. Administering
new RAIA and measuring post-meal BG in addi-
tion to pre-meal BG is not sufficient for people
with diabetes to realize the benefit of new RAIA,
and detailed explanations from the doctor to
the person with diabetes about the relationship
between new RAIA and BG status are essential.
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