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ABSTRACT

Introduction: The IGLU-SIT study documented
the effectiveness of initiating supplementary
prandial insulin treatment (SIT) with insulin
glulisine after failure of oral antidiabetic drugs
alone in patients with type 2 diabetes (T2DM) in
a real-world setting in Germany.
Methods: The IGLU-SIT study was an open-la-
bel, prospective, multicentre, non-interven-
tional study with an observation period of
12 ± 1 months. The primary objective was to
determine the proportion of patients reaching

their pre-defined glycosylated haemoglobin
(HbA1c) goal at 3, 6, 9 and 12 months. Selected
secondary objectives were absolute change in
HbA1c, a 7-point blood glucose profile, and rate
of hypoglycaemia. Data were evaluated overall
and by age group (\65, 65–74 and C 75 years).
Results: Overall, 215 patients with T2DM were
observed in 64 centres. Baseline HbA1c was
8.3%, and mean HbA1c target was 6.8% (base-
line 8.1% and target 6.9% in
patients C 75 years). Individual HbA1c target
attainment in patients peaked at 38.9% (95%
confidence interval [CI] 32.1–46.1%) after
12 months; this was 45.9% in patients aged C

75 years. The mean HbA1c reduction was
1.12 ± 1.05% (p\ 0.0001) with only minor
differences by age group. A 7-point blood glu-
cose profile revealed significant reductions
(p\ 0.0001) at all time-points. The rate of
confirmed symptomatic hypoglycaemia was
2.2% (95% CI 0.7–5.1) during the 12-month
follow-up; rates were increased in patients
aged C 75 years (7.0%; 95% CI 1.5–19.1) as were
the rates of adverse events (17.8 vs. 6.1%).
Conclusion: Initiating SIT with insulin gluli-
sine is an appropriate treatment option in
patients whose T2DM is insufficiently con-
trolled. Particular attention should be paid to
elderly patients in whom higher attainment
rates of treatment target were associated with
adverse events.
Trial Registration: https://awbdb.bfarm.de; Id-
entifier: 6819; Date of registration: 23.06.2016
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Key Summary Points

Why carry out this study?

Relatively limited information is available
on the performance of insulin glulisine in
the real-world setting supplementary
prandial insulin treatment (SIT) initiation
in patients with type 2 diabetes mellitus
(T2DM).

The IGLU-SIT study documented the
effectiveness of initiating SIT with insulin
glulisine after failure of oral antidiabetic
drugs alone in patients with T2DM in a
real-world setting in Germany.

What was learned from this study?

Initiating SIT with insulin glulisine is an
appropriate treatment option in
insufficiently controlled patients with
T2DM.

Particular attention should be paid to
elderly patients in whom higher rates of
attainment of the treatment target were
associated with higher rates of
hypoglycaemia and adverse events.

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.13526468.

INTRODUCTION

Insulin glulisine is a rapid-acting insulin ana-
logue with rapid absorption and onset of action
following subcutaneous injection. It is used to
cover mealtime insulin requirements in patients

with diabetes. Based on its zinc-free formula-
tion, insulin glulisine has a faster onset of
action than insulin lispro and insulin aspart
[1–3].

The initiation of insulin is considered to be
the next step for patients with type 2 diabetes
(T2DM) following the failure of oral antidiabetic
drugs (OADs) to reach a target glycosylated
haemoglobin A1c (HbA1c) level, and is also
used as first-line therapy in some persons with
uncontrolled diabetes. Insulin can be intro-
duced either as basal insulin (basal-supported
oral treatment [BOT]) or as a supplementary
insulin therapy at mealtimes (SIT) [4]. Little
information is currently available on the per-
formance of insulin glulisine during initiation
of SIT in the real-world setting in patients with
T2DM. The objective of this non-interventional
observational study, therefore, was to document
the effectiveness of initiating insulin treatment
in a SIT regimen with insulin glulisine in
patients with T2DM (in addition to OADs) in a
real-world setting in Germany and over a period
of 52 weeks and to analyse the change in ben-
efits and risks with age.

There is always a potential for an altered
benefit–risk profile of antidiabetic drugs in the
elderly. These patients tend to have lower
HbA1c values, but are inclined to higher rates of
hypoglycaemia and adverse events [5–7]. As
such, an addition aim was to explore how age
affected the benefit–risk profile of insulin gluli-
sine in the context of this study.

METHODS

Study Design

The IGLU-SIT study was an open-label,
prospective, multicentre, non-interventional
observational study with 12 months of obser-
vation. Participating physicians were diabetol-
ogists, internists, general practitioners and
family physicians in Germany. The registry
protocol was approved by the University of
Freiburg, Germany, and was carried out in
accordance with the Declaration of Helsinki and
its amendments. Only people who provided
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written informed consent to participate were
included.

Patient Selection

The inclusion criteria was (1) adult (C 18-year-
old) patient with insulin-naive T2DM with
documented poor glycaemic control on OADs
(HbA1c[7.0% and B 10.0% [[53.0
and B 85.8 mmol/mol]); (2) patient’s physician
had made the decision to add insulin glulisine
to the patient’s diabetes therapy at their three
main meals no earlier than 2 weeks prior to the
documentation; (3) patient’s willingness to
document a 7-point blood glucose profile.
Patients with contraindication against insulin
glulisine, who were pregnant, had a current
cancer and/or had a history of alcohol or drug
abuse were excluded.

Data Collection

Data were collected at baseline and after a fol-
low-up of 3, 6, 9 and 12 months (with some
flexibility according to clinical practice routi-
nes). Data were entered into an electronic case
report form. A monitoring visit was performed
at random at 5% of the sites. All adverse events
(AEs) regardless of intensity and relationship to
the drug under observation were collected
between baseline and 7 days after the last fol-
low-up visit.

Objectives

The primary objective was to determine the
proportion of patients reaching the pre-defined
individual HbA1c target at each of the four
follow-up visits. Secondary objectives were to
describe (1) the change in HbA1c over time; (2)
the time to reach the individual HbA1c target
after initiating insulin glulisine; (3) the duration
of individual HbA1c target attainment until the
first HbA1c measurement that was higher than
target HbA1c, or the insulin formulation was
switched; (4) the change in the dosage of insu-
lin glulisine; (5) the rate of symptomatic, con-
firmed (self-monitoring blood glucose [SMBG]
value of B 70 mg/dL [B 3.9 mmol/L])

symptomatic, nocturnal (symptomatic or con-
firmed hypoglycaemia occurring approximately
between 10 pm and 6 am, while the patient was
asleep), severe (assistance of another person
required or SMBG value of B 56 mg/dL
[B 3.0 mmol/L]) and severe nocturnal hypogly-
caemia. The rates of (serious) AEs were docu-
mented. In a selected subset of analyses, we
compared the difference in effectiveness and
safety in those with a complete 12-month fol-
low-up to the whole group to see whether the
former represent a selection of patients with a
particularly good effectiveness/safety ratio.
Finally, we stratified the overall patient popu-
lation by age groups, namely\65 years,
65–74 and C 75 years, to explore the effects of
age on treatment outcomes.

Statistics

Data are presented using descriptive statistics,
with categorical variables expressed as frequen-
cies and continuous variables as means ± stan-
dard deviations. For the primary efficacy
parameter, response rates were described using
frequency distribution, with exact 95% confi-
dence intervals (CI) calculated according to the
Clopper-Pearson method. The time to response
was analysed using Kaplan–Meier methods,
with reaching the pre-defined individual HbA1c
goal for the first time considered to be the
event. Median time to response and corre-
sponding 95% CI were estimated using the
Kaplan–Meier method. The duration of
response was analysed using the Kaplan–Meier
method. End of response was defined as the first
measurement of an HbA1c above the pre-de-
fined individual HbA1c goal or the switch to
another form of insulin therapy (discontinua-
tion of insulin glulisine). Median duration of
response was analysed using the Kaplan–Meier
method. A p value of\ 0.05 was considered to
be significant with no adjustment for multiple
testing. All analyses were performed using Sta-
tistical Analysis System version 9.4 (SAS Insti-
tute, Cary, NC, USA).
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RESULTS

For this analysis, data were collected at 64 sites
in Germany, for a total of 301 patients with
T2DM between June 2016 and August 2018
(Fig. 1). Because 53 patients received no insulin
glulisine and a further 33 patients did not
comply with the inclusion and exclusion crite-
ria, the full analysis set (FAS) comprised 215
patients.

Effectiveness and Safety of Insulin
Glulisine

Patients in the FAS had a mean age of
63.3 years, mean bodyweight of 92.4 kg and
mean body mass index (BMI) of 31.9 kg/m2;
50.7% were female (Table 1). The baseline
HbA1c value of 8.3% (67.2 mmol/mol) and the
mean individual target at insulin glulisine ini-
tiation was 6.8% (50.8 mmol/mol). The major-
ity of patients received metformin (78.1%) and/
or dipeptidyl-peptidase 4 (DPP4) inhibitors
(46.5%) as their concomitant OAD treatment.
Patients started insulin glulisine at mean doses
of 8.6, 6.2 and 7.6 units in the morning, at
lunch time and in the evening, respectively
(Table 2). Daily doses increased from

20.4 ± 11.8 units at baseline to
33.6 ± 18.1 units at 12 months (p\0.0001 vs.
baseline). Considering the three age groups in
terms of weight and insulin doses, it is notice-
able that in the beginning all groups started
with almost similar mean insulin doses
(20.3 units [\65 years], 20.5 units [65–-
74 years], 20.9 units [C 75 years]; Table 2),
despite the lower mean bodyweight of the older
people (94.5 kg [\ 65 years], 90.6 kg [65–-
74 years], 89.8 kg [C 75 years]; Table 1). The
dose adjustment over the course of the study
was smallest in the oldest group and, in contrast
to the two other groups, was not significant
(p = 0.0189; Table 2).

There was a steady increase in the proportion
of patients meeting their pre-defined treatment
goal, from 12.6% at 3 months to 38.9% (95% CI
32.1–46.1) at 12 months (Table 3). This corre-
sponded to a mean decrease in HbA1c of 1.12%
(12.2 mmol/mol) from a baseline value of
8.31% (67.3 mmol/mol; p\0.0001). The med-
ian time to response was 369 days, and 22.1% of
those with an initial response had increased
HbA1c values during follow-up or the insulin
formulation was switched (Fig. 2). The 7-point
blood glucose profile was significantly reduced
at 12 months and all time-points (Fig. 3;
p\0.0001).

Fig. 1 Patient flow chart. BL Baseline, HbA1c glycosylated
haemoglobin A1c, mFAS(12) modified full analysis set
(with 12 months follow-up [FU]), T2DM type 2 diabetes.

Multiple reasons for exclusion from a particular dataset
possible. Asterisk: For one patient no age was available
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Table 1 Patient characteristics

Patient
characteristics

SAS
(n = 248)

FAS mFAS 12
(n = 155)Total

(n = 215)
Patients < 65 years
(n = 113)

Patients
65–74 years
(n = 62)

Patients
‡ 75 years (n = 39)

Age (years) 63.0 ± 11.4 63.3 ± 10.9 54.9 ± 6.8 69.1 ± 2.7 78.5 ± 3.2 64.2 ± 10.4

Female gender, n
(%)

126 (50.8) 109 (50.7) 53 (46.9) 34 (54.8) 22 (56.4) 77 (49.4)

Body weight (kg) 92.9 ± 20.6 92.4 ± 19.6 94.4 ± 21.3 90.6 ± 16.5 89.8 ± 19.1 92.5 ± 19.4

BMI (kg/m2) 32.0 ± 6.2 31.9 ± 5.9 32.1 ± 5.9 32.1 ± 5.9 31.5 ± 6.0 32.2 ± 5.6

HbA1c (%)

Baseline 8.5 ± 1.08 8.3 ± 0.86 8.4 ± 0.79 8.3 ± 0.89 8.1 ± 0.97 8.2 ± 0.83

Individual target 6.8 ± 0.46 6.8 ± 0.45 6.8 ± 0.42 6.7 ± 0.42 6.9 ± 0.58 6.7 ± 0.46

Diabetes duration
(years)

7.8 ± 6.0 9.0 ± 6.1 7.4 ± 5.3 10.8 ± 6.4 10.9 ± 7.7 9.0 ± 6.2

Antidiabetic treatment, n (%)

Metformin 189 (76.2) 168 (78.1) 94 (83.2) 49 (79.0) 24 (61.5) 122 (78.7)

DPP4 inhibitor 109 (44.0) 100 (46.5) 62 (54.9) 19 (30.6) 18 (46.2) 67 (43.2)

SGLT-2 inhibitor 35 (14.1) 32 (14.9) 23 (20.4) 7 (11.3) 2 (5.1) 25 (16.1)

Sulfonylurea 27 (10.9) 27 (12.6) 11 (9.7) 8 (12.9) 7 (17.9) 23 (14.8)

Glinides 7 (2.8) 6 (2.8) 4 (3.5) 1 (1.6) 1 (2.6) 4 (2.6)

Glucosidase
inhibitors

5 (2.0) 5 (2.3) 2 (1.8) 1 (1.6) 2 (5.1) 3 (1.9)

GLP-1 analogues 25 (10.1) 19 (8.8) 17 (15.0) 2 (3.2) 0 (0.0) 11 (7.1)

Comorbid conditions, n (%)

Hypertension 168 (67.7) 155 (72.1) 74 (65.5) 43 (69.4) 37 (94.9) 113 (72.4)

Peripheral
Neuropathy

63 (25.4) 57 (26.5) 25 (22.1) 20 (32.3) 12 (30.8) 44 (28.2)

Sensory/Motor
Neuropathy

40 (16.1) 37 (17.2) 18 (15.9) 11 (17.7) 8 (20.5) 31 (19.9)

Microalbuminuria 43 (17.3) 39 (18.1) 8 (7.1) 10 (16.1) 20 (51.3) 34 (21.8)

Heart failure 35 (14.1) 31 (14.4) 9 (8.0) 6 (9.7) 16 (41.0) 26 (16.7)

PAD 16 (6.5) 14 (6.5) 7 (6.2) 5 (8.1) 2 (5.1) 9 (5.8)

Diabetic
retinopathy

17 (6.9) 16 (7.4) 10 (8.8) 2 (3.2) 3 (7.7) 13 (8.3)

Values in table are presented as the mean ± standard deviation (SD) or as the frequency (number of patients) with the percentage in
parentheses
BMI Body mass index, DPP4 dipeptidyl-peptidase 4, FAS full analysis set, GLP glucagon-like peptide 1, HbA1c glycosylated haemoglobin
A1c, mFAS12 modified full analysis set with 12 months follow-up, PAD peripheral artery disease, SAS safety analysis set, SGLT-2 sodium-
glucose co-transporter-2
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The rate of symptomatic hypoglycaemia was
2.7% (95% CI 1.0–5.7) (Table 4), with the rate of
confirmed hypoglycaemia being slightly lower

(2.2%; 95% CI 0.7–5.1%). Nocturnal hypogly-
caemia was observed at a rate of 0.9%. The rates
of severe hypoglycaemia were 0.4% (n = 1),
while severe nocturnal hypoglycaemia was not
observed. Of the 248 patients, 24 (9.7%) expe-
rienced any AEs (Table 5); in five of these
patients, events were considered to be drug-re-
lated and four were considered to be serious.
During follow-up one patient had a fatal AE
(0.4%; sudden cardiac arrest), but this event was
not considered to be drug-related. During the
12-month follow-up, weight and BMI were sig-
nificantly reduced in the FAS population (–
1.5 ± 6.6 kg, p = 0.0062, and - 0.5 ± 2.24 kg/
m2, p = 0.0059, respectively). Patients that
completed the 12-month follow-up (mFAS12)
were essentially identical to the overall FAS
population in terms of age, gender, bodyweight,
baseline HbA1c values and drug treatment
(Table 1). These patients, however, did have
more comorbidities. Treatment target achieve-
ment was slightly higher in the mFAS12
(Table 3) than in the FAS. In the former sub-
group, 45.2% of patients achieved their pre-de-
fined treatment goal with an identical mean
HbA1c decrease of 1.12% (12.2 mmol/mol;
p\0.0001). The 7-point blood glucose profile
was again significantly reduced at 12 months
and all time-points (Fig. 3; p\0.0001) with no
major difference compared to the FAS. Hypo-
glycaemic events were nominally lower in
patients with a full 12-month follow-up
(Table 4). AEs in the mFAS12 were only slightly
reduced, with lower rates of AEs overall (8.4 vs.
9.7%) and drug-related events (0.6 vs. 2.0%).

Effectiveness and Safety of Insulin
Glulisine by Age Group

Of the 215 patients in the FAS, 113 were aged
\65 years, 162 were 65–74 years and 39 were at
least 75 years old. There was an increasing pro-
portion of women in the higher age groups
(56.4% in patients C 75 years vs. 46.9% in
patients\65 years), as well as a longer diabetes
duration (10.9 vs. 7.4 years, respectively) and an
increased comorbidity profile (Table 1). While
the baseline HbA1c decreased with age (from
8.4% [68.3 mmol/mol] in patients\ 65 years to

Table 2 Dosage of insulin glulisine received over the
course of the study

FAS Insulin
glulisine at
baseline
(visit 1)

Insulin
glulisine
12 months
(visit 5)

p value

FAS, dose

Morning

(units)

8.6 ± 5.3 12.3 ± 6.4 \ 0.0001

Lunch

(units)

6.2 ± 3.2 10.2 ± 5.5 \ 0.0001

Evening

(units)

7.6 ± 5.4 11.8 ± 7.5 \ 0.0001

Total per

day (units)

20.4 ± 11.8 33.6 ± 18.1 \ 0.0001

FAS, total

dose by age

group

\ 65 years

(units)

20.3 ± 12.3 35.1 ± 20.2 0.0002

65–74 years

(units)

20.5 ± 10.8 32.5 ± 15.5 0.0012

C 75 years

(units)

20.9 ± 11.7 31.5 ± 16.4 0.0189

mFAS12,

dose

Morning

(units)

8.7 ± 5.3 12.3 ± 6.5 \ 0.0001

Lunch

(units)

6.3 ± 3.1 10.2 ± 5.6 \ 0.0001

Evening

(units)

8.1 ± 5.9 11.8 ± 7.5 \ 0.0001

Total per

day (units)

21.1 ± 12.1 33.6 ± 18.2 \ 0.0001

Values are presented as the mean ± SD
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8.1% [65.0 mmol/mol] in patients C 75 years),
the individual treatment target remained of the
same order of 6.8% [50.8 mmol/mol]. Met-
formin (62.5 vs. 83.2%) and sodium-glucose co-
transporter-2 (SGLT-2) inhibitors (46.2 vs.
54.9%) were used less often in the elderly, while
sulfonylureas (17.9 vs. 9.7%) and glucosidase
inhibitors (5.1 vs. 1.8%) were used more often.

On the one hand, increasing age was associ-
ated with higher treatment target achievement
(45.9% in patients C 75 years vs. 31.7% in
patients\65 years at 12 months) (Table 3).
This was associated with a lower baseline HbA1c
but comparable treatment targets as changes
over 12 months were similar in the elderly
compared to the youngest. Furthermore, insulin

glulisine doses and dose adjustments did not
vary substantially with age group. The median
time to response was different by age, but
showed no consistent age-related pattern
(Fig. 2).

On the other hand, there was a steep increase
in the risk of hypoglycaemia with age (Table 4).
The rate of symptomatic hypoglycaemia was
7.0% in patients C 75 years, while it was 1.7 and
1.5% in patients\ 65 years and 65–74 years,
respectively. A similar pattern was observed for
confirmed symptomatic (0.9, 1.5 and 7.0%,
respectively) and nocturnal hypoglycaemia (0, 0
and 4.7%, respectively). There was also a con-
siderable increase in AEs overall with age. While
6.1% of all patients aged\65 years had an AE,

Table 3 Glycosylated haemoglobin (HbA1c) target achievement, HbA1c at baseline and at 12 months and absolute change
in HbA1c overall and by age group

FAS FAS mFAS12

Total (n = 215) Patients
< 65 years
(n = 113)

Patients
65–74 years
(n = 62)

Patients
‡ 75 years
(n = 39)

Total (n = 155)

HbA1c target achievement (%)a

3 months 12.6 (8.2–18.1) 8.2 (3.6–15.6) 15.5 (7.3–27.4) 20.0 (8.4–36.9) 14.1 (8.9–20.7)

6 months 22.7 (17.1–29.2) 15.8 (9.3–24.4) 32.2 (20.6–45.6) 27.0 (13.8–44.1) 25.2 (18.5–32.8)

9 months 30.8 (24.5–37.7) 24.8 (16.7–34.3) 39.0 (26.5–52.6) 35.1 (20.2–52.5) 34.8 (27.4–42.9)

12 months 38.9 (32.1–46.1) 31.7 (22.8–41.7) 47.5 (34.3–60.9) 45.9 (29.5–63.1) 45.2 (37.2–53.3)

HbA1c change (visit 5 vs. visit 1)

Baseline, %

[mmol/mol]

8.31 [67.3] 8.38 [68.1] 8.30 [67.2] 8.11 [65.1] 8.24 [66.6]

12 months, %

[mmol/mol]

7.13 [54.4] 7.33 [56.6] 6.94 [52.3] 6.96 [52.6] 7.13 [54.4]

Change (12

months vs.

baseline)b

- 1.12 ± 1.05

[- 12.2 ± 11.5]

- 1.05 ± 1.07

[- 11.5 ± 11.7]

- 1.28 ± 1.04

[- 14.0 ± 11.4]

- 1.09 ± 1.03

[- 11.9 ± 11.3]

- 1.12 ± 1.05

[- 12.2 ± 11.5]

p value for

change vs.

baseline

\ 0.0001 \ 0.0001 \ 0.0001 \ 0.0001 \ 0.0001

a Values for HbA1c target achievement are based on number of patients with non-missing values, and are presented as the
percentage with the 95% confidence interval (CI) in parentheses
b Values for HbA1c change (12 months vs. baseline) are presented as the percentage ± SD, with mmol/mol ± SD given in
square brackets
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17.8% of those aged C 75 years had such an
event. Rates of serious AEs as well as drug-re-
lated events, however, did not differ substan-
tially across age groups.

DISCUSSION

This was an observational study of patients who
had already made the decision to add insulin
glulisine to their diabetes therapy and were
allowed to continue taking concomitant OADs.
Target HbA1c was reached by 38.9% of patients
at 12 months, with higher rates observed in
elderly patients (C 75 years). Rates of symp-
tomatic hypoglycaemia were low, at 2.7%
overall, but increased with age (up to 7.0% in
patients C 75 years).

bFig. 3 Seven-point blood glucose profile in the FAS
(a) and mFAS12 (b). 1 Prior to breakfast, 2 2 h after
breakfast, 3 prior to lunch, 4 2 h after lunch, 5 prior to
dinner, 6 2 h after dinner, 7 bedtime

Table 4 Hypoglycaemia

SAS mFAS12

Total (n = 248) Patients
< 65 years
(n = 132)

Patients
65–74 years
(n = 70)

Patients
‡ 75 years
(n = 45)

Total (n = 155)

Symptomatic

hypoglycaemia

2.7 (1.0–5.7) 1.7 (0.2–6.1) 1.5 (0.0–8.3) 7.0 (1.5–19.1) 2.6 (0.7–6.4)

Confirmed sympt.

hypoglycaemia,

2.2 (0.7–5.1) 0.9 (0.0–4.7) 1.5 (0.0–8.3) 7.0 (1.5–19.1) 1.9 (0.4–5.5)

Nocturnal

hypoglycaemia

0.9 (0.1–3.2) 0 (0.0–3.1) 0 (0.0–5.5) 4.7 (0.6–15.8) 0.6 (0.0–3.5)

Severe hypoglycaemia 0.4 (0.0–2.5) 0 (0.0–3.1) 1.5 (0.0–8.3) 0 (0.0–8.2) 0.6 (0.0–3.5)

Severe nocturnal

hypoglycaemia

0.0 (0.0–1.6) 0 (0.0–3.1) 0 (0.0–5.5) 0 (0.0–8.2) 0.0 (0.0–2.3)

Rate per patient-year

Symptomatic

hypoglycaemia

0.21 (0.15–0.29) 0.27 (0.18–0.39) 0.02 (0.00–0.10) 0.37 (0.20–0.62) 0.21 (0.15–0.30)

Confirmed symptomatic

hypoglycaemia

0.21 (0.15–0.28) 0.26 (0.17–0.38) 0.02 (0.00–0.10) 0.37 (0.20–0.62) 0.21 (0.14–0.29)

Nocturnal

hypoglycaemia

0.03 (0.01–0.07) 0.00 (0.00–0.04) 0.00 (0.00–0.06) 0.16 (0.06–0.35) 0.03 (0.01–0.06)

Severe hypoglycaemia 0.01 (0.00–0.03) 0.00 (0.00–0.04) 0.02 (0.00–0.10) 0.00 (0.00–0.10) 0.01 (0.00–0.03)

Patients with severe

nocturnal

hypoglycaemia

0.00 (0.00–0.02) 0.00 (0.00–0.04) 0.00 (0.00–0.06) 0.00 (0.00–0.10) 0.00 (0.00–0.02)

Values are presented as the percentage of patients with the 95% CI in parentheses

742 Diabetes Ther (2021) 12:733–747



Table 5 Adverse events in safely analysis set

SAS mFAS12

Total
patients

Total
events

Patients
< 65 years
(n = 132)

Patients
65–74 years
(n = 70),

Patients
‡ 75 years
(n = 45),

Total
patients

Total
events

Adverse events 24 (9.7) 51 8 (6.1) 8 (11.4) 8 (17.8) 13 (8.4) 26

Drug-related events 5 (2.0) 12 3 (2.3) 1 (1.4) 1 (2.2) 1 (0.6) 1

Serious adverse events 4 (1.6) 4 1 (0.8) 3 (4.3) 0 (0.0) 1 (0.6) 1

Patients with drug-related

serious adverse events

0 (0.0) 0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0

Patients with fatal adverse

events

1 (0.4) 1 0 (0.0) 1 (1.4) 0 (0.0) 0 (0.0) 0

SAS Patients < 65 years
(n = 132)

Patients 65–74 years
(n = 70)

Patients ‡ 75 years
(n = 45)

Adverse events 8 (6.1) 8 (11.4) 8 (17.8)

Metabolism and nutrition disorders 2 (1.5) 2 (2.9) 5 (11.1)

Infections and infestations 2 (1.5) 1 (1.4) 2 (4.4)

General disorders and administration site conditions 1 (0.8) 1 (1.4) 2 (4.4)

Investigations 4 (3.0) – –

Skin and subcutaneous tissue disorders 1 (0.8) 1 (1.4) 2 (4.4)

Musculoskeletal and connective tissue disorders 2 (1.5) 1 (1.4) –

Nervous system disorders – – 3 (6.7)

Cardiac disorders 1 (0.8) 1 (1.4) –

Injury, poisoning and procedural complications 1 (0.8) 1 (1.4) –

Neoplasms benign, malignant and

unspecified (including cysts and polyps)

– 2 (2.9) –

Psychiatric disorders 1 (0.8) – 1 (2.2)

Blood and lymphatic system disorders – – 1 (2.2)

Eye disorders 1 (0.8) – –

Gastrointestinal disorders – 1 (1.4) –

Renal and urinary disorders – 1 (1.4) –

Values in table are presented as the number (n) with/without the percentage in parentheses
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Effectiveness and Safety of Insulin
Glulisine

Both BOT and SIT are viable treatment options
when OADs fail to provide sufficient blood
glucose control. While BOT may appear to be a
little less effort for patients, patients using SIT
are more flexible and do not need to adhere to
fixed mealtimes because there is no basal insu-
lin acting during the course of the day that
requires daily carbohydrate intake. Further-
more, the patient administers the required
insulin dose shortly before the meal. The rapid-
acting insulin will, when required, correct an
actual blood glucose elevation and prevent a
mealtime-associated increase in blood sugar. As
such, the present study provides data for the
clinical effectiveness and safety of SIT in T2DM
patients in Germany.

The SIT concept is based on a few studies
conducted using different rapid-acting insulin
analogues or regular human insulin showing
that the (early) administration of rapid-acting
insulin will allow the beta-cell function to
recover and may provide a more flexible treat-
ment regimen compared to a BOT regimen.
Pfützner et al. [8] showed that supplementary
insulin aspart treatment resulted in beta-cell
protection with an improved fasting beta-cell
secretion profile within 1 week. Kawamori et al.
[9] reported that insulin glulisine, given either
alone or in combination with OADs (most fre-
quently metformin and sulfonylurea), provided
superior reductions in HbA1c compared to an
oral treatment alone, but at the cost of (mostly
non-severe) hypoglycaemia. Finally, Chlup
et al. [10] compared insulin aspart with regular
human insulin and other insulin analogues in
57 patients with T2DM in an observational
setting. Following a switch from regular human
insulin to aspart, HbA1c decreased by 0.6%
(6.6 mmol/mol) within 1 year while rates of
hypo- and hyperglycaemia did not change.

The results of the aforementioned studies are
well in line with the results of the present study.
In our study using insulin glulisine, the HbA1c
was reduced by 1.12% (12.2 mmol/mol) over
the course of 1 year, resulting in 38.9% of the
patients meeting their pre-specified HbA1c
treatment goal. Rates of symptomatic

hypoglycaemia were 2.7% (2.2% confirmed
symptomatic hypoglycaemia), and only one
patient suffered from severe hypoglycaemia.

Effectiveness and Safety of Insulin
Glulisine by Age Group

To our knowledge, there have not been any
prior analyses of the benefits and risks of SIT in
different age groups. Our analyses were driven
by the perception that elderly patients may
represent a distinct patient group in which
comorbidity, a decline in kidney function and
mental fitness may play a substantial role.
Recent guidelines have correctly emphasised
the specific needs of elderly patients and pro-
posed that they may not need to meet as strin-
gent blood glucose targets as younger patients
[5–7] to achieve an optimised patient-individual
treatment target.

In our study, treatment target attainment
was higher in elderly patients than in younger
patients. As baseline HbA1c values were lower
in elderly patients (8.1 vs. 8.4% [65.0 vs.
68.3 mmol/mol]) and treatment targets slightly
less stringent (6.9 vs. 6.8% [51.9 vs.
50.8 mmol/mol]), the distance to target was
reduced in the elderly patients (1.2 vs. 1.6%
[13.1 vs. 17.5 mmol/mol]). This may reasonably
translate into increased treatment target
achievement in the elderly as insulin glulisine
doses were only slightly lower (total daily dose
31.5 units in patients C 75 years vs. 35.1 units
in patients\65 years).

Rates of hypoglycaemia, on the other hand,
were higher in elderly patients, with 7.0% suf-
fering from symptomatic hypoglycaemia in the
group of elderly patients versus 1.7% in
patients\65 years. These episodes, however,
were never severe, and many of them were
documented during the night (nocturnal
hypoglycaemia). This observation is in principal
in agreement with prior research [11] and with a
subgroup analysis of the ACCORD Study which
showed that each year of lifetime increased the
risk for hypoglycaemia (p\0.0001) [12],
although the study did not look into the effects
of supplementary insulin therapy.
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Potential reasons for the observed increased
hypoglycaemia risk include the increased
comorbidity burden of elderly patients, a
decline in renal function and a higher rate of
mental impairment. With respect to renal
function decline, Urata et al. [13] have recently
shown that insulin glulisine is advantageous
over regular human insulin in the treatment of
patients with diabetes and severe renal insuffi-
ciency. The role of dementia and a subsequently
reduced medication adherence was recently
emphasised by Holstein and Prinz in two
observational studies including patients with
T2DM [14, 15]. It appears, therefore, that a
careful routine assessment of risk factors for an
imbalance of glycaemic control and hypogly-
caemia is necessary in elderly patients [16].
Encouraging training programmes and the use
of continuous glucose monitoring systems may
substantially reduce the risk of hypoglycaemia
[7, 17, 18].

Limitations

The value of observational research is frequently
challenged, based on the notion that ran-
domised research is virtually free of bias unlike
observational studies. The intervention in a
randomised controlled trial usually only covers
part of the patient population that is being
treated in clinical practice and, therefore, is
only partially able to address the challenges
faced in daily practice. As such, the present
study provides data on the value of SIT up and
beyond a confined clinical research study. The
design, however, is not suitable for comparing
different treatment strategies over time without
physician and patient bias, and intentional or
unknown concomitant changes to the treat-
ment approach may interfere with the observed
result. In general, insulin glulisine is adminis-
tered with the main meals (breakfast, lunch and
dinner), and these are the time points that
physicians were asked to complete the insulin
doses in our electronic case report form. How-
ever, physicians may opt for once- or twice-
daily short-acting insulins, but this was not the
focus of this current study. Finally, patient-re-
ported outcomes and treatment satisfaction are

important considerations for any diabetic
medication and while outside the scope of our
study, they do warrant investigation.

CONCLUSIONS

Initiating SIT with insulin glulisine is a poten-
tial treatment option in insufficiently con-
trolled patients with T2DM. Particular attention
should be paid to elderly patients in whom
higher rates of treatment target attainment were
associated with higher rates of hypoglycaemia
and AEs.
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