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ABSTRACT

Introduction: Intensive insulin therapy can improve glycemic control and outcomes 
in patients with Type 1 diabetes as compared to conventional therapy. This study was 
conducted to evaluate effectiveness and safety of combination of insulin glargine once 
daily and insulin glulisine thrice daily in patients with type-1-diabetes mellitus previously 
uncontrolled on other insulin therapies. Methods: This phase-IV, international, open-label, 
study was conducted in adult type-1-diabetes mellitus patients with glycated hemoglobin 
between 8%-10%. Study period included a 2-week run-in period and a 24-week treatment 
period. Change in glycated hemoglobin, fasting blood glucose, 7-point blood glucose mean 
profile and insulin dose from baseline to week 12 and 24 were evaluated. Safety was assessed 
by occurrence of adverse events primarily hypoglycemia. Descriptive statistics were used for 
analysis. Results: From November 2012 to January 2013, 295 patients screened out of which 
206 patients were treated. The mean (SE) reduction in glycated hemoglobin and fasting blood 
glucose from baseline to week 24 was -0.5 ± 0.1% (p<0.001) and -2.0 ± 0.4 mmol/L (p<0.001), 
respectively. Overall, 12% and 10% of patients achieved glycated hemoglobin <7% after 
12-weeks and 24-weeks of treatment, respectively. The mean change in blood glucose level 
from baseline to week 12 and week 24 was significant (p<0.001) at all time-points, except 
before lunch and at bedtime. Serious adverse events were reported for 13 (6%) patients; most 
of them were severe in intensity. Serious adverse events related to insulin glargine and/or 
insulin glulisine were hypoglycemic seizures (three patients), hypoglycemic unconsciousness 
(three patients) and hypoglycemia (two patients). Conclusion: Treatment with insulin glargine 
and insulin glulisine improved glycemic control in patients with type-1-diabetes mellitus. The 
combination was well tolerated with no new safety concerns.

ABBREVIATIONS: IGlar-insulin glargine ▪ 
IGlu-insulin glulisine ▪ T1DM-type-1-diabetes 
mellitus ▪ HbA1c-glycated hemoglobin ▪ BG-

blood glucose ▪ SAEs-serious adverse events 
▪ IDF-International Diabetes Federation ▪ 
DCCT-Diabetes Control and Complications 
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Trial ▪ ADA-American Diabetes Association 
▪ CSII-continuous subcutaneous insulin 
infusion ▪ NPH-neutral protamine Hagedorn 
▪ IDet-insulin detemir ▪ FBG-fasting blood 
glucose ▪ 7-point SMBG-7-point self-
monitoring of blood glucose ▪ AEs -adverse 
events ▪ ALT-alanine aminotransferase ▪ AST-
aspartate aminotransferase ▪ TID-thrice daily 
▪ mITT-modified intent-to-treat ▪ PP-per-
protocol ▪ SD-standard deviation ▪ BMI – 
body mass index ▪ TEAE-treatment emergent 
adverse event ▪ ESC/EASD-European Society 
of Cardiology/European Association for the 
Study of Diabetes

Introduction

According to International Diabetes Federation 
(IDF) an estimated 387 million people (8.3% 
of adults) had Diabetes Mellitus (DM) in 2014; 
and by 2035, 592 million are expected to be 
inflicted with DM [1]. Although type 1 diabetes 
mellitus (T1DM) accounts for 5%-10% of 
diabetes cases, its incidence is increasing by 3% 
annually [1]. The landmark ‘Diabetes Control 
and Complications Trial’ (DCCT) shows that 
compared to conventional therapy, intensive 
insulin therapy effectively delays the onset and 
slows the progression of micro- and macro-
vascular complications and reduces overall 
mortality in patients with T1DM [2]. However, 
hypoglycemia and weight gain are the main 
limiting factors with insulin use in patients with 
T1DM [3]. 

In this context, there is a need for insulin regimens 
that overcome these barriers and achieve optimal 
glycemic control with low risk of hypoglycemia. 
Basal-bolus insulin therapy usually involves 
administration of basal insulin (with a stable 
24-h serum insulin profile) and meal-time rapid-
acting insulin to cover both fasting and pre-
prandial glucose requirements of the patient. 
However, conventional intermediate and long-
acting human basal insulins are limited with a 
pronounced peak in time-action post injection 
and large variability in absorption [4]. Regular 
insulins on the other hand show slower onset and 
more prolonged action than endogenous insulin 
secretion. Together, the combination results in 
high postprandial blood glucose excursions, and 
is often associated with 2-3 fold increase in severe 
hypoglycemia [3].

The new insulin analogs, including the long-
acting basal analogs and the rapid-acting analogs 
have been developed to allow for a closer 
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replication of the physiological pattern of insulin 
secretion [5]. Subcutaneous administration of 
these analogs effectively controls fasting and 
post-prandial glucose levels to achieve target 
glycated hemoglobin (HbA1c) levels [6] with 
lower risk of hypoglycemia [7]. In T1DM 
patients, the American Diabetes Association 
(ADA) recommends continuous subcutaneous 
insulin infusion (CSII) therapy or the use of 
multiple daily insulin injections (3–4 injections 
of basal and prandial insulin/day), preferably 
with insulin analogs (especially in patients prone 
to hypoglycemia), where prandial insulin would 
match the carbohydrate intake, pre-meal blood 
glucose, and anticipated activity [6]. Currently 
available long-acting insulin analogs (glargine, 
detemir, degludec) provide smooth, relatively 
flat, 24-hour basal insulin supply, with lesser 
variability in action and more superior basal and 
fasting glucose control (thereby reducing the 
risk of hypoglycemia) than neutral protamine 
Hagedorn (NPH) insulin [8]. Rapid-acting 
insulin analogs (aspart, glulisine, lispro) with 
faster absorption profile and shorter duration of 
action show better post-prandial glycemic control 
than regular human insulin and contribute to 
lower nocturnal hypoglycemia [5].

Amongst long-acting insulin analogs, intensive 
treatment with insulin glargine (IGlar) is found 
to be superior to intermediate-acting NPH in 
T1DM patients, with significant reduction 
in HbA1c and frequency of hypoglycemic 
events [9]. While long-acting insulin analogs, 
IGlar and insulin detemir (IDet) show similar 
pharmacokinetic and pharmacodynamic effects 
during the first 12 h of administration, IGlar 
shows superior effects extending up to 24 h [10]. 
Additionally, once daily (OD) IGlar achieves 
similar glycemic control and comparable risk of 
hypoglycemia to that of twice daily IDet, each in 
combination with pre-meal insulin aspart [11]. 
Further, patients with diabetes, inadequately 
controlled by premixed insulin, switching 
from premixed insulin to IGlar based regimen 
experience significant improvement in glycemic 
control, supporting the use of basal-bolus 
glargine-based regimen in these patients [12]. 
Studies on combination of IGlar OD and multiple 
mealtime rapid-acting insulins, as part of basal-
bolus therapy in T1DM patients demonstrate 
improved overall glycemic control and reduced 
nocturnal hypoglycemia [13]. However the 
appropriate rapid-acting insulin analog for 
combination with IGlar that provides effective 
glycemic control and low risk of hypoglycemia 
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in T1DM patients is not established [14]. In 
few open-label studies, insulin glulisine (IGlu) 
and insulin lispro, both in combination with 
IGlar show similar reduction in HbA1c but 
with a lower total daily dose of IGlu [15-17]. 
Further, replacement of bolus insulin with IGlu 
in T1DM patients uncontrolled on intensive 
therapy with (basal) IGlar+(bolus) aspart/lispro/ 
regular human insulin, demonstrates improved 
glycemic control for 24 weeks [14]. However 
studies that explore the effectiveness and safety of 
multiple injections of IGlu and once daily IGlar 
are scarce.

Therefore this study was primarily conducted 
to evaluate the effectiveness of a combination of 
a single dose of IGlar and three doses of IGlu 
in terms of change in HbA1c level in patients 
with T1DM. The secondary objectives were to 
determine the change in HbA1c from baseline 
to week 12; the percentage of patients with 
HbA1c<7% at week 12 and week 24; the fasting 
blood glucose (FBG) and the 7-point self-
monitoring of blood glucose (7-point SMBG) at 
baseline, week 12 and week 24; the daily dose 
for both IGlu and IGlar at baseline, week 12 
and week 24; and the incidence of symptomatic 
hypoglycemia and other adverse events (AEs).

Methodology

�� Study design 

This international, multicenter, open-label, non-
comparative, phase-IV study in T1DM patients 
was conducted at 36 sites across 10 countries 
(Algeria, Argentina, Brazil, Columbia, Iran, 
Kuwait, Mexico, Saudi Arabia, South Africa, 
Tunisia) from November 2012 to January 
2013. The study was conducted in compliance 
with Good Clinical Practices, the principles 
of Declaration of Helsinki, and in accordance 
with the local regulations of institutional review 
board /institutional ethical committee. Written, 
signed informed consent was obtained from each 
patient enrolled in the study (NCT01204593).

��  Study population

Adult patients (18-60 years) with T1DM treated 
with any type of insulin regimen (other than 
CSII or pump and/or IGlar) for at least 1 year 
and having HbA1c levels between 8% to 10% 
assessed over the preceding 6 months were 
included in the study. Patients with alanine 
aminotransferase (ALT) and/or aspartate 
aminotransferase (AST) >3 times the upper limit 
of normal and serum creatinine >135 μmol/L 

in men and >110 μmol/L in women; history 
of hypersensitivity to IGlar and/or IGlu; brittle 
diabetes; impaired renal and hepatic function; 
episodes of diabetes ketoacidosis within 6 
months prior to study entry; and pregnancy and 
lactation were excluded from the study.

��  Data collection and dosing schedule

The study duration per patient was 26 weeks, 
including a 2-week run in-period followed by 
a 24-week treatment period during which the 
patients received IGlar and IGlu subcutaneously. 
For each patient after screening visit (week 2), 
three on-site visits at week 0 (baseline visit), week 
12 and week 24 and three phone calls at week 2, 
week 4 and week 8 were scheduled to monitor 
treatment compliance. At the start of the study 
treatment period (week 0), eligible patients 
were switched from their current anti-diabetic 
treatment to IGlar (Lantus®, OD at bedtime) 
and IGlu (Apidra®, thrice daily [TID] preferably 
before meals) subcutaneously. The doses of IGlar 
and IGlu were individually titrated once a week 
to achieve FBG levels (between 80 and 120 mg/
dL) and 2-hour postprandial blood glucose levels 
(<180 mg/dL), respectively. During the study, 
the participants maintained a patient diary 
which included entries on daily blood glucose 
(BG) measurements, insulin doses and time 
of injection, BG values from each time point 
of 7-point SMBG profile, and information on 
symptomatic hypoglycemia.

��  Statistical analysis

All the enrolled patients treated with at least one 
dose of study medications were defined as safety 
population. All patients who had satisfied the 
inclusion and exclusion criteria and who received 
at least one dose of study medication, with one 
HbA1c measurement at week 0 and at least one 
post-baseline HbA1c measurement were defined 
under modified intent-to-treat (mITT); while 
all patients under mITT population with one 
HbA1c measurement at week 0 and at week 24, 
and no important deviations were defined as per-
protocol (PP) population.

The sample size was determined with the SAS 9.1 
(SAS Institute, Cary, NC, USA) and confirmed 
with the NQuery software. For a paired t-test 
with a 0.05 one-sided significance level that had 
80% power to reject the hypothesis H0 (HbA1c 
at 26weeks-HbA1c at baseline ≤0%), assuming 
a mean decrease of 0.40% in HbA1c and a 
standard deviation (SD) of differences of 2.0%, 
156 patients were needed. The total sample size 
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required was 195 patients, taking in to account 
a drop-out rate of 20%. Therefore a rounded 
sample size of 200 patients was proposed for this 
study. 

Data were summarized using number of 
observations available and missing data, mean, 
SD, median, 25% and 75% percentiles, 
minimum and maximum for continuous 
parameters and counts and percentages for 
categorical parameters. If relevant, 2-sided 
95% CI of the proportion was added using the 
Wilson score method for categorical data [18]. 
Descriptive statistics of effectiveness and safety 
parameters by visit were provided for per-protocol 
(PP) population while sensitivity analyses were 
conducted in the mITT population.

Results

�� Patient disposition

Out of the 295 patients screened, 69.8% 
(N=206) of patients were included in the safety 
population. Eighty nine (30.2%) were excluded 
for various reasons during run-in period. In the 
safety population, 91.3% (N=188) of patients 
completed the study, 93.7% (N=193) were 
included in the mITT population, and 73.3% 
(N=151) were included in the PP population 
(FIGURE 1).

��  Patient demographics

Baseline characteristics were comparable for 
the safety, mITT and PP population. Patient 
demographic characteristics for the safety and 
mITT population are presented in TABLE 1. 
Majority of the patients were men (125/206; 
60.7%) with mean ± SD age of 31.7 ± 10.1 
years and a mean body-mass index (BMI) of 
24.4 ± 4.0 kg/m2. The median (range) time 
since diagnosis of T1DM was 11 (1.0; 42.0) 
years, and time since initiation of insulin therapy 
was 11 (8.5 months; 42.2 years) years. Median 
(range) duration of current insulin therapy was 
3 (<1 month; 42 years) years. The common 
associated diseases in T1DM patients were 
dyslipidemia (17.0%; 35/206), hypertension 
(12.1%; 25/206), and hypothyroidism (6.3%; 
13/206) patients. The most frequent late diabetic 
complication was retinopathy (12.6%; 26/206) 
followed by neuropathy (5.3%; 11/206). 

Previous insulin therapies included basal insulin 
(mainly NPH insulin) in 90.3% (186/206) 
patients, prandial insulin (mainly regular insulin) 
in 82.5% (170/206) patients, and premix insulin 

in 9.7% (20/206) patients. Among combination 
insulin therapies, majority (80.1%; 165/206) 
of the patients were on basal+prandial insulin. 
The most frequently reported concomitant 
medications during the treatment period 
included medications for the cardiovascular 
system (57/206; 27.7%), alimentary tract and 
metabolism (54/206; 26.2%) and nervous 
system (43/206; 20.9%). 

��  Treatment dosage

In the safety population, median (range) 
duration of exposure to IGlar and IGlu was 24 
weeks (<1 week; 31 weeks). Median daily dose 
of IGlar was 28 U at first administration and at 
week 2; 26 U at week 4, week 8 and week 12; 
and 27.5 U at week 24. The median daily dose 
per kg was 0.4 U/kg at first administration, week 
12 and week 24. Median daily dose of IGlu was 
20 U at first administration, 21 U at week 2, 23 
U at week 4, 24 U at week 8, week 12 and week 
24. The median daily dose per kg was 0.3 U/kg 
at first administration and 0.4 U/kg at week 12 
and week 24 (SUPPLEMENTARY TABLE 1).

��  Effectiveness evaluation

Effectiveness parameters were assessed in the PP 
population and the results are summarized in 
TABLE 2. There was a significant reduction in 
the HbA1c levels from 9.0% ± 0.6% at baseline to 
8.5% ± 1.3% at week 24 (SUPPLEMENTARY 
FIGURE 1). The adjusted mean (SE) change 
of HbA1c was -0.5% ± 0.1% from baseline to 
week 24 (95% CI: -0.7%;-0.2%, p<0.001). 
The reduction of HbA1c was also significant 
at week 12; from 9.0% ± 0.6% at baseline to 
8.3% ± 1.2% at week 12 (p<0.001). In the PP 
population, HbA1c value <7% was achieved in 
18 (12%) patients (95% CI: 7.8%; 18.3%) at 
week 12 and 14 (10%) patients (95% CI: 5.7%; 
15.3%) at week 24. Similar results were obtained 
in the mITT population and in the sensitivity 
mITT population.

The FBG levels decreased from 10.3 ± 5.6 
mmol/L at baseline to 8.3 ± 4.4 mmol/L at 
week 12 and week 24 (SUPPLEMENTARY 
FIGURE 2). The adjusted mean (SE) change in 
FBG was -2.0 ± 0.4 mmol/L from baseline to 
week 12 (95% CI: -3.1; -1.0, p<0.001) and -2.0 
± 0.4 mmol/L from baseline to week 24 (95% 
CI: -3.1;-0.9, p<0.001) (TABLE 2). Daily mean 
BG from 7-point profile decreased from 10.2 ± 
2.8 mmol/L at baseline to 9.0 ± 2.3 mmol/L at 
week 12 and to 8.7 ± 1.8 mmol/L at week 24. 
The adjusted mean (SE) change in daily mean 
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BG was -1.2 ± 0.2 mmol/L from baseline to 
week 12 (95% CI: -1.8; -0.7, p<0.001) and -1.4 
± 0.2 mmol/L from baseline to week 24 (95% 
CI: -2.0; -0.9, p<0.001) (TABLE 2).

In the PP population, the 7-point BG mean 
profile decreased at all time-points between 
baseline and week 12 except before lunch, when 
the mean BG increased by 0.4 ± 4.3 mmol/L 
from baseline. A mean decrease in BG (between 
-1.9 and -1.1 mmol/L) was observed at all other 
time points. The mean change in BG level from 
baseline to week 12 and week 24 was statistically 
significant at all time-points, except before 
lunch and at bedtime (p=0.271 and p=0.083, 
respectively) at week 12 and before lunch 
(p=0.963) at week 24 (FIGURE 2). 

A secondary analysis of the effectiveness 
parameters done on the basis of the center 
(country) showed significant differences between 
countries for all parameters except for daily mean 

BG from 7-point profile. This could be due to 
small sample size in some countries (data not 
provided). Effectiveness endpoint results in the 
mITT and sensitive mITT population were 
found to be similar to the PP population (data 
not provided).

��  Safety evaluation

Table 3 represents the data of observed 
hypoglycemia confirmed by BG value before 
and during the treatment period. The total 
hypoglycemic episodes within the month 
before the screening were 86 (41.7%). Higher 
proportion of patients during the treatment than 
before treatment reported at least one episode of 
symptomatic hypoglycemia (68.4% vs. 45.1%), 
severe symptomatic hypoglycemia (12.2% vs. 
2.4%), nocturnal symptomatic episodes (35.3% 
vs.14.6%), and severe nocturnal symptomatic 
hypoglycemia (5.4% vs.1.0%) in the safety 
population (TABLE 3). 

Figure 1: Patient disposition.
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During the treatment period, 64 patients (31%) 
experienced at least one treatment emergent 
adverse event (TEAE) mainly due to infections 
(15.5%), investigations (5.8%), and nervous 
system disorders (5.3%) (TABLE 4). The most 
frequently reported non-serious TEAEs were: 
influenza (17/206; 8.3%), weight increase 

(5/206; 2.4%), weight decrease (5/206; 2.4%), 
sinusitis (4/206; 1.9%), and headache (4/206; 
1.9%). 

Serious adverse events (SAEs) were reported for 
13 (6%) patients; most of them were severe in 
intensity. SAEs related to IGlar and/or IGlu 
were hypoglycemic seizures (three patients), 

Table 1. Patient demographics characteristics.

Baseline Characteristics

Safety population 

(N=206)

mITT population

(N=193)
Mean (SD) Median (range) Mean (SD) Median (range)

Age (years) 31.7 (10.1) 30.5 (17.0; 63.0) 31.7 (10.0) 30.0 (17.0; 63.0)
Male, n (%) 125 (60.7) - 116 (60.1) -
Height (cm) 167.9 (9.4) 169.0 (136.0; 188.0) 168.0 (9.6) 169.0 (136.0; 188.0)
Weight (kg) 68.9 (12.7) 67.1 (34.0; 108.5) 69.0 (12.9) 67.1 (34.0; 108.5)
BMI calculated (kg/m2) 24.4 (4.0) 24.0 (14.5; 41.0) 24.4 (4.0) 24.1 (14.5; 41.0)
Laboratory Data 
HbA1c (%) 9.0 (0.6) 8.9 (7.3; 10.0) 9.0 (0.6) 8.9 (7.3; 10.0)
FBG (mmol/L) 10.2 (5.3) 9.3 (0.1; 23.9) 10.3 (5.4) 9.4 (0.1; 23.9)
Daily mean of 7-point Blood Glucose (mmol/L) 10.1 (2.7) 9.6 (5.7; 20.5) 10.1 (2.7) 9.6 (5.7; 20.5)

AST (U/L) 21.1 (8.7) 18.5 (10.0; 67.0) 21.1 (8.8) 18.0 (10.0; 67.0)
ALT (U/L) 22.4 (13.7) 18.0 (6.0; 97.0) 22.3 (13.6)  18.00 (6.0; 97.0)
Serum Creatinine (μmol/L) 74.5 (16.4) 73.4 (36.2; 141.4) 74.9 (16.7) 74.0 (36.2; 141.4)

Diabetes history
Duration of diabetes at screening (years) 12.7 (8.7) 11.0 (1.0; 42.0) 12.7 (8.8) 11.0 (1.0; 42.0)
Time since insulin therapy at screening 
(months) 151.0 (104.7) 127.5 (8.5; 506.0) 150.3 (105.6) 127.6 (8.5; 506.0)

Previous treatment history
Patient treated with basal insulin, n (%) 186 (90.3) - 174 (90.2) -

Daily dose (U) 38.4 (17.2) 35.5 (8.0; 108.0) 38.7 (17.2) 36.0 (8.0; 108.0)
Patient treated with prandial insulin, n (%) 170 (82.5) 159 (82.4)

Daily dose (U) 24.0 (16.3) 20.0 (2.0; 108.0) 23.5 (15.5) 20.0 (2.0; 108.0)
Patient treated with premix insulin, n (%) 20 (9.7) - 19 (9.8) -

Daily dose (U) 53.2 (12.6) 51.0 (38.0; 78.0) 53.1 (13.0) 50.0 (38.0; 78.0)
All the values are mean (SD) unless specified
Abbreviations: mITT: modified intent to treat; SD: Standard Deviation; BMI: Body mass index; HbA1c: glycated hemoglobin; FBG: Fasting blood glucose; AST: Aspartate 
Transaminase; ALT: Alanine Transaminase

Table 2. Change in HbA1c, FBG and daily mean BG from baseline to week 12 and 24PP population (N=151).

N Mean (SD) Adjusted Mean (SE) change 
from baseline

Upper limit of 
2-sided 95% CI p-value

HbA1c value (%), 
Baseline 151 9.0 (0.6) - - -
Week 12 149 8.3 (1.2) -0.7 (0.1) -0.5 <0.001
Week 24 148 8.5 (1.3) -0.5 (0.1) -0.2 <0.001

FBG (mmol/L)
Baseline 151 10.3 (5.6) - - -
Week 12 148 8.3 (4.4) -2.0 (0.4) -1.3 <0.001
Week 24 148 8.3 (4.4) -2.0 (0.4) -1.3 <0.001

Daily mean BG from 7-point profile (mmol/L)
Baseline 143 10.1 (2.8)       - - -
Week 12 143 9.0 (2.3) -1.2 (0.2) -0.9 <0.001
Week 24 136 8.7 (1.8) -1.4 (0.2) -1.1 <0.001

Abbreviations: SD: Standard Deviation; SE: Standard Error; HbA1c: Hemoglobin A1c; BG: Blood glucose; FBG: Fasting blood glucose; 95%CI: 95% Confidence interval
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hypoglycemic unconsciousness (three patients) 
and hypoglycemia (two patients). One SAE 
(hypoglycemic seizure) led to permanent 
discontinuation of the study treatment. No 
deaths were reported during the study. Overall, 

11 patients (5%) experienced TEAEs possibly 
related to IGlar. In addition to the SAEs described 
above, non-serious AEs possibly related to IGlar 
were headache, inadequate control of diabetes 
mellitus, weight fluctuation (one patient each) 

Figure 2:  Mean 7-point BG profile at baseline, week 12 and week 24. BG: Blood glucose, 95% CI=95% confidence interval.

Table 3. Symptomatic hypoglycemia before and during treatment period in the safety population (N=206).

Patients with at least one 
episode of

Before treatment During treatment

Overall
<70 mg/dL

(3.9 mol/L)

<50 mg/dL

(2.8 mmol/L)

<36 mg/dL

(2.0 mol/L)
Overall

<70 mg/dL

(3.9 mol/L)

<50 mg/dL

(2.8 mmol/L)

<36 mg/dL

(2.0 mol/L)
Symptomatic 
hypoglycemia 93 (45.1) 91 (44.6) 32 (16.0) 3 (1.5) 141 (68.4) 135 (66.8) 93 (46.5) 20 (10.4)

MD 0 2 6 8 0 4 6 14
Severe symptomatic 

hypoglycemia
5 (2.4) 5 (2.4) 4 (1.9) 2 (1.0) 25 (12.2) 23 (11.3) 18 (8.9) 10 (5.0)

MD 0 0 0 0 1 3 4 4
Nocturnal symptomatic 
hypoglycemia 30 (14.6) 27 (13.4) 7(3.5) 1(0.5) 72 (35.3) 70 (34.7) 34 (17.0) 6 (3.0)

MD 1 4 5 5 2 4 6 8
Severe nocturnal 
symptomatic hypoglycemia 2(1.0) 2 (1.0) 2(1.0) 1 (0.5) 11 (5.4) 9 (4.5) 7 (3.4) 4 (2.0)

MD 0 0 0 0 2 4 3 3
Values are presented as n (%); MD: Missing data
Asymptomatic hypoglycemia: measured blood glucose (BG) level ≤70 mg/dL (3.9 mmol/L) not associated with clinical symptoms.; Symptomatic hypoglycemia: an event with 
clinical symptoms that were considered to result from hypoglycemia (BG measurement ≤70 mg/dL [3.9 mmol/L]); Severe symptomatic hypoglycemia: an event with clinical 
symptoms that were considered to result from hypoglycemia in which the patient required the assistance of another person because the patient could not treat her/himself due 
to acute neurological impairment directly resulting from the hypoglycemia (assistance by another person when the patient could have treated her/himself is not considered as 
requiring assistance) and one of the following criteria: an event associated with a measured BG level <36 mg/dL (2 mmol/L), or an event associated with prompt recovery after 
oral CHO, intravenous glucose or glucagon administration.
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and weight increase (two patients). TEAEs 
possibly related to IGlu were reported for 10 
patients. Majorly TEAEs for both drugs were 
similar with one patient with weight increase and 
one patient with inadequate control of diabetes 
mellitus more in the IGlar group.

Overall, serum creatinine, blood pressure and 
heart rate remained stable during the study. The 
weight and BMI showed a slight increase with a 
mean ± SD change of 0.7 ± 3.0 kg and 0.3 ± 1.1 
kg/m², respectively. The change in weight during 
the treatment period was reported as TEAEs for 
10 patients: five patients each had a significant 
(>5%) increase and decrease in the weight. The 
weight increase was considered to be related to 
the study treatment in two patients.

Discussion

This 26-week international, open label, non-
comparative study investigating the effectiveness 
and safety of basal IGlar (OD) and pre-prandial 
IGlu (TID) in uncontrolled T1DM patients 
demonstrates significant reduction in HbA1c, 
FBG, daily mean BG and most of the BG 
value of 7-point SMBG profile (excluding BG 

level before lunch) after 12 and 24 weeks of 
treatment. Overall, 12% and 10% of the patients 
achieved HbA1c level <7% after 12 and 24 weeks 
of treatment, respectively. During the study 
period, the median daily dose of IGlar changed 
minimally, while that of IGlu increased by 15%. 
The combination was well tolerated in T1DM 
patients with no new safety concerns during the 
study.

In our study population, median daily dose of 
previous basal insulin therapy was 35.5 U. On 
switching, IGlar was initiated at a median daily 
dose of 28 U. This decrease in basal dose is in 
accordance with Lantus® prescribing information, 
which recommends a 20%-30% reduction in 
IGlar dose in patients switching from twice 
daily NPH insulin to once daily regimen with 
IGlar to reduce the risk of nocturnal and early 
morning hypoglycemia [18]. Similar findings 
were observed in previous studies supporting 
basal dose reduction in patients changing from 
NPH to IGlar [19,20]. The relatively flat profile 
of action of IGlar that extends over a 24-hour 
period compared to distinct peak of action 
of NPH may also explain this dose reduction 
during switching [21].

Table 4. TEAEs in the safety population.
Safety population (N=206)

Any TEAE 64 (31.1)
Any TEAE possibly related to insulin glargine 11 (5.3)
Any TEAE possibly related to insulin glulisine 10 (4.9)
Any TEAE leading to death 0
Any TEAE leading to permanent discontinuation of treatment 1 (0.5)

TEAEs by SOC (frequency ≥5%)
Infections and infestations 32 (15.5)
Investigations 12 (5.8)
Nervous system disorders 11 (5.3)

Most common non-serious TEAEs (frequency>1%)
Any class 38 (18.4)

Infections and infestations
Influenza 17 (8.3)
Sinusitis 4 (1.9)
Pharyngitis 3 (1.5)
Upper respiratory tract infection 3 (1.5)

Investigations
Weight increased 5 (2.4)
Weight decreased 5 (2.4)

Nervous system disorders
Headache 4 (1.9)

Gastrointestinal disorders
Gastritis 3 (1.5)

Respiratory, thoracic and mediastinal disorders
Rhinitis allergic 3 (1.5)

Values are presented as n (%)
TEAEs: Treatment emergent adverse events; SOC: System organ classification; SAEs: Serious adverse events



167

Research Effectiveness and safety of basal-bolus therapy (insulin glargine+insulin glulisine) in patients with type 1 
diabetes previously uncontrolled on any insulin regimen: multinational phase-IV study 

Achieving good glycemic control early in the 
course of diabetes delays the onset and slows the 
progression of diabetes related complications. 
Evidence from DCCT clearly indicates that tight 
glycemic control greatly reduces the development 
and progression of microvascular complications 
in patients with T1DM [2] Accordingly several 
guidelines including the ADA and European 
Society of Cardiology/European Association for 
the Study of Diabetes (ESC/EASD) recommend 
intensive glycemic control with basal-bolus 
regimen for the management of T1DM [6,22]. 
The results of the current study are consistent 
with previously reported studies on T1DM 
patients treated with IGlar-based regimens, 
where it has been associated with better glycemic 
control than other traditional basal insulins with 
a significantly lower rate of overall and nocturnal 
hypoglycemia [20,23-26]. In randomized 
clinical trials, IGlar appears to improve glycemic 
control in terms of HbA1c and FBG reduction 
compared to NPH insulin, with added advantage 
of lower risk of hypoglycemia and weight gain 
[19,20,23,27-30] Similarly in cross-over trials 
comparing IGlar to NPH, IGlar was associated 
with a mean decrease in HbA1c ranging from 
-0.5% [13] to -0.7% [31]. When compared to 
detemir, IGlar provides similar glycemic control 
with a mean decrease in HbA1c of -0.5% after 
26 weeks [11] which is maintained up to one 
year [28,32].

In the current study, sub-optimal glycemic control 
was evident from higher study-end HbA1c and 
FBG values compared to recommended targets 
for good glycemic control. Despite significant 
decrease in HbA1c from baseline, the mean ± SD 
HbA1c after 24 weeks of treatment was 8.5% ± 
1.3%, which is well above the target specified 
by international guidelines (<7%). Similarly, 
though a significant (p<0.001) reduction in FBG 
was achieved as early as 12 weeks, the study-end 
FBG levels (8.3 ± 4.4 mmol/L) were considerably 
higher than desired targets to be achieved (4.5 to 
6.7 mmol/L). Appropriate insulin dose titration 
is crucial in achieving good glycemic control in 
T1DM patients [33,34]. However in the current  
study, a flat median daily dose of IGlar was 
observed despite higher FBG values suggesting 
sub-optimal dose titration which may explain 
the reason for inadequate glycemic control. It 
can be speculated that the observed high baseline 
hypoglycemia values in the study population 
might have influenced the investigator’s decision 
in terms of intensive titration of IGlar for tight 
glucose control. Further, majority of patients in 

the current study presented with high baseline 
HbA1c (9.0% ± 0.6%) and long duration of 
diabetes (11 years). Evidence suggests that 
T1DM patients with disease duration ≥5 
years are 3 times more vulnerable to poor 
control than those with short duration (OR, 
3.0; P=0.000) [35]. Considering the relative 
contributions of FBG and postprandial BG to 
overall hyperglycemia, FBG is the predominant 
contributor in patients with high HbA1c levels. 
Therefore, sub-optimal insulin dose titrations 
together with high baseline HbA1c levels and 
long duration of diabetes observed in the current 
study may have contributed to poor glycemic 
control in this patient population. The mean BG 
value before lunch in 7-point profile observed 
in the current study was already low at baseline 
and therefore a reduction from baseline to week 
24 was lower at this time point. Similar trend 
was reported in studies involving patients treated 
with basal-bolus regimens [11,28-30,32]. 

Frequent and severe hypoglycemia often hinders 
the goal of tight glucose control in T1DM 
patients, with intensively treated patients at a 
three-fold higher risk of hypoglycemia [6]. In 
this study, 68.4% of the patients experienced at 
least one symptomatic episode of hypoglycemia 
during the treatment period, which was higher 
than that observed before initiation of study 
treatment (45.1%). One possible reason for 
this difference in the pre and post intervention 
incidence of hypoglycemia may be explained 
by retrospective collection of data prior to 
intervention followed by prospective data 
collection during the study period. This might 
have led to under reporting of hypoglycemic 
episodes before the intervention was initiated. 
While the pharmacokinetic profiles of IGlar 
and IGlu are beneficial in reducing the risk of 
hypoglycemia, strategies such as regular SMBG, 
diabetes self-management, and patient education 
can be employed for its prevention [36].

Weight gain as a result of insulin therapy or 
intensification of insulin therapy is commonly 
seen in T1DM. In the present study, the change in 
weight reported as non-serious TEAE was noted 
for five patients who had a significant (more 
than 5%) weight increase and for another five 
patients who had a significant weight decrease. 
The mean (± SD) increase in weight (0.7 ± 3.0 
kg) observed during this study is in line with 
findings of previous studies including similar 
target population, where mean increase of 0.1 
kg to 1.0 kg was reported [11,19,27,28,32,37]. 
In fact evidence suggests that IGlar is associated 
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with less weight gain than NPH insulin in 
patients with T1DM [19,25]. In a study 
involving 196 T1DM patients, the mean weight 
gain from baseline was significantly higher with 
NPH insulin (1.4 ± 1.8 kg, p=0.004) than with 
IGlar (no significant weight gain, p=0.4). Similar 
results were observed in a 16-week trial where 
weight gain was greater with NPH insulin than 
with IGlar (0.54 kg vs. –0.12 kg respectively, 
p=0.034) [25]. 

Limitations and conclusions

Some limitations of the current study are to 
be considered when interpreting its results. 
Firstly, this was an open label, non-comparative 
study conducted in a limited number of 
patients. There was a significant country effect 
indicating differences in FBG and HbA1c 
between countries; hence, the results are to be 
interpreted with caution due to small sample 
size in some countries. Furthermore, inherent 
attributes of the study, like the heterogeneity of 
the population, varied socio-economic levels, 
and impact of adjustment of prandial insulin 
bolus and carbohydrate intake could also have 
contributed to the observed titration difficulties 
and relative frequency of hypoglycemia. 

Thus, in conclusion, treatment with IGlar (OD) 
and IGlu (TID) basal-bolus therapy improved 
glycemic control in T1DM patients uncontrolled 
on other insulin regimens. The combination 
was well tolerated with no specific safety 

concerns raised during the study. Although, the 
improvements noted in the current study are of 
clinical interest, we believe that further studies 
are warranted to study appropriate dose titration 
algorithms for insulin (basal) to elucidate the 
ability of the regimen in achieving optimum 
glycemic control in T1DM patients. 
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