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Abstract

Background: Treatment for postprandial glycemia using rapid-acting insulin analogues sometimes
resulted in preprandial hypoglycemia or weight gain. Objective: This study evaluated the efficacy
and safety of switching bolus insulin from insulin lispro (Lis) to insulin glulisine (Glu) in patients
with inadequately controlled diabetes on intensive insulin therapy with Lis and glargine (Gla).
Methods: Seventy-two outpatients with inadequate glycemic control (glycated hemoglobin [HbA1c]
2 7.0%, glycated albumin [GA] > 20%) on intensive insulin therapy comprising Lis and Gla for >24
weeks were enrolled. We switched treatment from Lis to Glu with a stepwise increase in the dose
by 1 unit per meal to obtain a GA level of <20% for 24 weeks, and the efficacy and safety were eva-
luated. Patients’ treatment satisfaction was also evaluated using the Diabetes Treatment Satisfac-
tion Questionnaire (DTSQ) after the treatment. Results: After switching from Lis to Glu, both
HbA1c and GA levels significantly lowered from 8.26% * 0.13% to 7.71% * 0.13% (P < 0.01) and
from 23.9% + 1.8% to 21.4% % 1.9% (P < 0.01), respectively. Furthermore, switching from Lis to
Glu improved patients’ treatment satisfaction; scores for 7 of the 8 items, such as “satisfaction”
and “convenience” were significantly improved (P < 0.001), with no significant change in the
scores for “improvement of hypoglycemia” (P = 0.91). Conclusions: Our present study suggests
that switching bolus insulin from Lis to Glu by the addition of 1 unit of Glu per meal may be a use-
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ful treatment option for patients with inadequate glycemic control receiving intensive insulin
therapy with Lis and Gla.
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1. Introduction

The purpose of diabetes management is improvement of quality of life (QOL) and healthy life expectancy by
preventing the development or progression of blood vessel complications. Therefore, diabetes management is
important for the management of macroangiopathy as well as microangiopathy including retinopathy, nephro-
pathy, and neuropathy. Many studies have already reported a greater risk of coronary heart disease (CHD), in-
cluding myocardial infarction and angina, in patients with diabetes than in individuals without diabetes [1] [2].
In particular, as an indicator of the risk of cardiovascular events, the 2-h postload glucose level on oral glucose
tolerance test (OGTT) has been reported as important in the DECODE Study (Diabetes Epidemiology: Colla-
borative Analysis of Diagnostic Criteria in Europe) [3], which is a meta-analysis of 13 cohort studies in the EU,
and the Funagata Study [4] conducted in Funagata-cho in Japan. In contrast, in the Honolulu Heart Study [5],
which included 6394 Japanese individuals living in Hawaii with no history of CHD or stroke, OGTT was per-
formed in all cases and the 1-hour postload glucose level on OGTT results were analyzed. Results were that in
the highest group of 1-h postprandial glycemia, death risk was approximately 3 times higher than the lowest
group.

In this context, the International Diabetes Federation established the Guideline for Management of PostMeal
Glucose that was the first guideline to emphasize the importance of the 2-h OGTT in 2007. The revised edition
of the Guideline for Management of PostMeal Glucose in 2011 [6] proposed to conduct an examination of post-
prandial glycemia within 1 - 2 hours in order to inhibit blood vessel complications, to reduce it to less than 160
mg/dL (9.0 mmol/L) avoiding hypoglycemia. However, treatment for postprandial glycemia using rapid-acting
insulin analogues such as insulin lispro (Lis) or insulin aspart (Asp) resulted in preprandial hypoglycemia or
weight gain; therefore, an appropriate dose of bolus insulin could not be administered [7] [8].

On the other hand, insulin glulisine (Glu) exists largely as a monomer in products; in this form, it mimics the
secretion of insulin more physiologically than Lis and Asp, as it is rapidly absorbed and immediately excreted in
the bloodstream after subcutaneous injection (application document of Sanofi-Aventis: currently Sanofi).

In the Japanese clinical trial [8], it was reported that frequency of hypoglycemia decreased after switching
from Lis to Glu at the same dose, and did not increase by the stepwise increase in Glu dose by 1 unit that was
added to every meal. These results suggest that, by switching from Lis to Glu with 1-unit increments allows
adequate bolus insulin provision to patients with inadequate postprandial glycemic control with Lis, without in-
creasing the risk of hypoglycemia.

In this preliminary design of study, we aimed to assess the efficacy and safety of bolus insulin that was
switched from Lis to Glu with an additional dose by of 1 unit per meal in patients receiving intensive insulin
therapy with Lis and Gla.

2. Methods
2.1. Study Population

Subjects included 72 outpatients with type 1 (n = 21), type 2 (n = 48), and other type (n = 3) diabetes and in-
adequate glycemic control (glycated hemoglobin [HbAlc] > 7.0% and glycated albumin [GA] > 20%) despite
intensive insulin therapy with Lis and Gla as bolus insulin therapy for >24 weeks under a fixed titration protocol;
the dose of Lis and Gla was titrated in a stepwise manner to achieve a GA level of <20% on the discretion of the
treating physician. Written informed consent was obtained from all patients.

The exclusion criteria were as follows: 1) need for hypoglycemic drug therapy besides Glu and Gla during the
observation period; 2) history of hypersensitivity to Glu; 3) history of severe ketoacidosis or diabetic coma or
precoma; 4) severe infectious disease or severe trauma after surgery; 5) pregnancy or suspected pregnancy; 6)
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medical or family history of hypothyroidism and hereditary muscular disorders (e.g. muscular dystrophy); 7)
history of drug-induced hepatic disorders; 8) drug or alcohol addiction; or 9) contraindications identified by the
treating physician.

2.2, Study Design

This study was a single center, prospective, open-label, before-after study conducted from 1 April 2011 to 31
November 2013. We switched treatment from Lis to Glu with by the addition of 1 unit per meal at the time of
presentation. Thereafter, the dose of Glu was increased in a stepwise manner to achieve a GA level of <20% on
the discretion of the treating physician using the same titration protocol used for Lis. To compare the effects of
Glu with those of Lis selectively, the dose of Gla was not changed for 12 weeks after switching. After improve-
ment of HbAlc or fasting plasma glucose level was judged to be insufficient after 12 weeks, the dose of Gla was
increased and levels were monitored for 24 weeks. After the insulin Gla plus Glu combination therapy, we eva-
luated patients’ treatment satisfaction by using the Diabetes Treatment Satisfaction Questionnaire (DTSQ) [9]

that included 8 items (“satisfaction”, “improvement of hyperglycemia”, “improvement of hypoglycemia”, “con-
venience”, “versatility”, “recommendable to other patients”, “understanding”, and “treatment continuity™) graded
from —3 (mostly unsatisfied) to +3 (mostly satisfied), and compared the scores on the former treatment with in-
sulin Gla plus Lis combination therapy. This study is registered with the University Hospital Medical Informa-

tion Network Clinical Trials Registry (UMIN-CTR; Japan), number UMIN000008797.

2.3. Endpoints

The primary endpoints of this study were the change in HbAlc and GA levels after treatment, and the achieve-
ment of HbAlc level < 7.0% and GA < 20.0%. Secondary endpoints were the change in the GA/HbA1c ratio,
body weight, insulin dose, and degree of patients’ treatment satisfaction as evaluated by the DTSQ.

2.4. Statistical Analysis

The values were expressed as mean * standard deviation (S.D.) or mean * standard error (S.E.). Differences
between two variables were examined using the two-tailed paired Student’s t tests. P < 0.05 was considered sta-
tistically significant. All statistical analyses were performed with StatView version 5.0 for Windows (SAS In-
stitute, Cary, NC).

3. Results

3.1. Patient Characteristics

Patient characteristics are shown in Table 1. Among the 72 patients with diabetes, 47 were men and 25 were
women. Twenty-one patients had type 1 diabetes (including 1 with fulminant type 1 diabetes mellitus and 2 with

Table 1. Patient characteristics at baseline.

Characteristics Patients (n = 72)
Sex (male/female) 47/25
Types of diabetes (type 1:type 2:other) 21:48:03
Age (years) 59.4+14.0
Diabetes duration (years) 10.3+6.0
BMI (kg/m?) 224442
HbALc (%) 8.26 + 1.07
GA (%) 23.9+6.1
Bolus insulin dose (1U/day) 223194
Basal insulin dose (1U/day) 10.1+8.0
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slowly progressive insulin-dependent diabetes mellitus), 48 had type 2 diabetes, and 3 had other types of di-
abetes (2 with post-pancreatectomy and 1 with steroid-induced diabetes). The mean age was 59.4 + 14.0 years,
mean duration of disease was 10.3 + 6.0 years, mean body mass index (BMI) was 22.4 + 4.2 kg/m?, mean
HbALc level was 8.26% + 1.07%, and mean GA level was 23.9% * 6.1%. Before switching, the mean unit of
basal insulin (Gla) was 10.1 + 8.0 unit/day, and the mean unit of bolus insulin (Lis) was 22.3 + 9.4 unit/day.

3.2. Changes in Clinical Parameters

Changes in HbAlc and GA levels are shown in Figure 1 and Figure 2. The mean HbAlc level significantly de-
creased from 8.26% + 0.13% before the switch to 7.71% + 0.13% (P < 0.01) after 24 weeks. Significant de-
crease in the HbAlc level was seen in both type 1 and type 2 diabetic patients with levels that decreased from

(%) 8.5 :
all patients (n = 72) *. P <0.05, vs. baseline
** P <0.01, vs. baseline
(paired t-test)
8.3
(3]
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time (week) mean + SE

Figure 1. Changes in HbAlc from baseline after switching to insulin glulisine.
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Figure 2. Changes in GA from baseline after switching to insulin glulisine. Abbreviations: GA,

glycated albumin.
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8.37% + 0.26% to 7.99% + 0.26% (P = 0.004) and from 8.20% + 0.15% to 7.61% + 0.16% (P < 0.001), respec-
tively. Similarly, GA level significantly improved from 23.9% + 1.8% to 21.4% + 1.9% (P < 0.01). The propor-
tion of patients who achieved HbAlc levels < 7.0% and GA levels < 20.0% was 24.6% (19/72) and 41.7%
(30/72), respectively.

Switching from Lis to Glu did not significantly improve the GA/HbALc ratio after 24 weeks (from 2.80 + 0.6
t0 2.68 £ 0.5, P = 0.12). Mean body weight increased significantly from 57.7 + 2.8 kg to 58.1 + 2.8 kg (P = 0.02)
in patients with type 1 diabetes, although there was no significant change in patients with type 2 diabetes (from
69.8 + 7.5 kg to 68.7 + 8.5 kg, P = 0.91).

Changes in insulin dose are shown in Figure 3. In all patients, the bolus insulin dose significantly increased
from 22.3 £+ 1.2 unit/day of Lis before switching to 26.8 + 1.2 unit/day of Glu after 24 weeks (P < 0.001). The
dose of Gla as basal insulin increased significantly from 10.1 + 1.00 unit/day to 10.6 + 1.00 unit/day after 24
weeks (P = 0.04).

3.3.DTSQ

Although the scores of the DTSQ questionnaire did not significantly improve for “improvement of hypoglyce-

mia” after switching (P = 0.901), all other 7 scores, namely “satisfaction”, “improvement of hyperglycemia”,

“convenience”, “versatility”, “recommendable to other patients”, “understanding”, and “treatment continuity”
significantly improved (P < 0.001).

4. Discussion

The therapeutic concept of intensive insulin therapy is aimed to substitute the complex pattern of endogenous
insulin secretion in patients with diabetes. The key features of a normal insulin profile include a sustained and
relatively constant basal level of insulin secretion, along with a meal-stimulated peak (30 - 60 min) of insulin
secretion that slowly decays over the subsequent 2 - 3 h [10]. The aim of subcutaneous injections of rapid-acting
insulin before meals (bolus injection) is to mirror this meal-stimulated insulin secretion, whereas the aim of re-
tarded insulin preparations is to substitute the basal level of insulin secretion. However, regarding bolus injec-
tions in particular, it was reported that rapid-acting insulin analogues such as insulin Lis or insulin Asp result in
preprandial hypoglycemia or weight gain [7] [8], which could be attributable to the pharmacokinetic (PK) and
pharmacodynamic (PD) properties of these two rapid-acting insulin analogues. Namely, these subcutaneously
injected rapid-acting insulin analogues have slow onset of action compared with physiological endogenous insu-
lin secretion (with a peak metabolic effect at approximately 1 h post-administration) and a prolonged duration of
action beyond 3 h [11] [12], which inhibits achievement of good postprandial blood glucose control without de-
velopment of preprandial hypoglycemia.

all patients (n = 72)
(lU/day)

40
35
30
25
20
15

total insulin dose

10
5

0
baseline 24 weeks

Figure 3. Changes in daily insulin dose from baseline after switching to insu-
lin glulisine. Black and grey columns represent the mean total doses of bolus

and basal insulin, respectively.
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Glu (B3-Lys-29B-Glu-insulin) is a rapid-acting insulin analogue developed to more closely resemble the phy-
siological post-prandial insulin release and therefore, improve prandial glycemic control [13]. Glu has a unique
zinc-free molecular structure that differs from other rapid-acting insulin analogues by the replacement of aspa-
ragine at position B3 by lysine, and of lysine at position B29 by glutamic acid of the human insulin molecule,
and exists largely as a monomer in products, which are key features for rapid absorption from subcutaneous tis-
sues [14] [15]. Glu is rapidly absorbed and immediately excreted in the bloodstream after subcutaneous injection,
has a shorter time to peak metabolic effect (approximately 30 - 60 min after administration) and a reduced dura-
tion of action within 3 h (application document of Sanofi-Aventis: currently Sanofi). Therefore, Glu could en-
sure a good postprandial blood glucose control without development of preprandial hypoglycemia. Some pre-
vious reports described Glu to have a faster onset of action than Lis, independent of BMI and dose, in non-di-
abetic subjects [16] [17], and to achieve significant lower glucose level deviations than Lis in patients with type
2 diabetes [10].

In this study, we enrolled 72 outpatients with diabetes with inadequate glycemic control despite intensive in-
sulin therapy with Gla plus Lis for >24 weeks. Treatment was switched from Lis to Glu by the addition of 1 unit
of Glu at every meal that was increased in a stepwise manner thereafter to achieve a GA level < 20%. Six
months after switching, both HbAlc and GA levels significantly lowered without any change in body weight.
Furthermore, switching from Lis to Glu significantly improved patients’ treatment satisfaction based on DTSQ,
except for the “improvement of hypoglycemia”, which did not show any significant changes despite the increase
in bolus and basal insulin doses. We believe that the improved glycemic control after switching from Lis to Glu
is mainly attributable to the reduced postprandial glucose deviations owing to the above-mentioned differences
in the PK and PD properties between Lis and Glu. Our hypothesis is also partly supported by the non-significant
reduction in the GA/HbA1c ratio, known to be a marker for postprandial glycemic excursion [18] [19]. The sig-
nificant improvement in patients’ satisfaction indicated by the DTSQ was probably associated with the im-
provement in blood glucose level control and the convenience of the simultaneous injection of Glu and Gla us-
ing the same injection devices (SoloSTAR®).

Study Limitations

The first one is the one-arm, open-label, before-after study design and the limited number of subjects studied.
Therefore, the possibility that the Hawthorn effect was partly associated with favorable effects after switching
from Lis to Glu cannot be excluded. Furthermore, the 6-months study duration may be a second limitation be-
cause we are unable to sufficiently assess the effect of seasonal variation in glycemic control [20], despite the
relatively long-term entry period of this study protocol (2 years). The third limitation is that the titration protocol
used before and after the switching could bring bias results because of the subjective decision-making by the
treating physician, despite the four treating physicians and target GA level that they aimed were all same before
and after the switching. The fourth limitation is that change in the frequency of hypoglycemia was only eva-
luated using the score of “improvement of hypoglycemia” obtained by the DTSQ. Self-monitoring of blood
glucose or continuous glucose monitoring CGM [21] data are required for a more accurate comparison.

5. Conclusion

Our present preliminary design of study suggests that switching bolus insulin from Lis to Glu by the addition of
1 unit of Glu per meal may be a useful treatment option for type 1 and type 2 diabetic patients with inadequate
glycemic control receiving intensive insulin therapy with Lis and Gla, and can improve patients’ treatment sa-
tisfaction without increasing the risk of hypoglycemia. However, to confirm these findings, a parallel-group
comparison analysis in a larger population for a longer duration and using more detailed clinical parameters is
warranted.
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