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Aims: This observational study aimed to investigate the long-term efficacy and safety of adding insulin glargine

(LANTUS�) to support oral antidiabetic (OAD) treatment in patients with type 2 diabetes in everyday practice.

Methods: A 9-month, open-label, multicentre, observational study, with an optional 20-month extension phase, in

which add-on insulin glargine therapy was initiated in 12,216 patients with type 2 diabetes inadequately controlled

on OADs. The insulin glargine dose was adjusted at the physician’s discretion, reflecting everyday practice. The main

outcome measures were changes in HbA1c, fasting blood glucose (FBG), insulin dose and body mass index (BMI).

Results: At baseline, mean (� s.d.) age was 63.9 � 11.3 years; disease duration was >5 years in 47% of patients, 1–5

years in 39% of patients and <1 year in 10% of patients, while 4% of patients were newly diagnosed. Addition of

insulin glargine to OAD therapy led to reductions in mean HbA1c (�1.5% from 8.7%) and FBG (�69 mg/dl

from 202 mg/dl) levels after 3 months, which were maintained after 9 months [HbA1c: �1.7%; FBG: �71 mg/dl

(�3.9 mmol/l)] without an increase in BMI. Similar glycaemic control was observed after 20 months in the 2721

patients in the extension study. Adverse drug reactions were documented in 26 patients (0.2%). Of 47 adverse events

documented, 19 were due to hypoglycaemia.

Conclusions: In everyday practice, patients with type 2 diabetes who are inadequately controlled on OADs benefit

from add-on basal insulin treatment with insulin glargine as they demonstrate improved glycaemic control without

weight gain.
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Introduction

The prevalence of diabetes is increasing worldwide and

is projected to double between 2000 and 2030 to an

estimated 4.4% of all age groups [1]. The prevalence of

diabetes in Germany is currently estimated at 7% of the

population and is increasing [2].

Type 2 diabetes is characterized by defects in insulin

secretion and increased insulin resistance. While type 2

diabetes may initially be controlled through diet and

exercise, eventually the introduction of oral antidiabetic

agents (OADs) is required to maintain glycaemic control

[3]. As the disease progresses, management becomes

increasingly difficult with OADs alone, necessitating

the addition of insulin therapy [4]. Initiating insulin

treatment at an early stage of type 2 diabetes to support

OAD therapy has been shown to significantly improve
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glycaemic control (HbA1c and blood glucose) and

thereby reduce the risk of late complications associated

with the disease [5]. It has also been shown that when

insulin therapy with insulin glargine (LANTUS�) is

initiated in early type 2 diabetes, patients failing on

OADs benefit from lower rates of hypoglycaemia and

less weight gain compared with patients initiated on

insulin therapy at later stages of the disease [6].

The intermediate-acting insulin NPH insulin has tra-

ditionally been used for insulin introduction in patients

with type 2 diabetes. However, NPH insulin often

requires twice-daily injections to provide 24-h insulin

coverage and demonstrates a peak of activity 4–6 h after

administration. This often leads to a sharp fall in blood

glucose levels and increases the risk of hypoglycaemia,

particularly nocturnal hypoglycaemia following bed-

time administration [7–10].

Insulin glargine is a long-acting insulin analogue that

more closely mimics the action profile of endogenous

basal insulin, providing blood glucose control for close

to 24 h with a once-daily dose [7]. A large body of

clinical trial data has demonstrated the advantages of

insulin therapy with insulin glargine in combination

with OADs in patients with type 2 diabetes compared

with NPH insulin [10–13]. The aim of the present obser-

vational study was to examine the initiation of insulin

glargine therapy to support OAD treatment in a large

patient population under everyday conditions and with-

out the controlled settings of a clinical trial.

Methods

Study Design

This was a 9-month, open-label, uncontrolled, multi-

centre, observational study assessing the efficacy and

safety of initiating insulin glargine in patients with

type 2 diabetes inadequately controlled on OADs in

everyday practice in Germany. Treatment choices and

dosing adjustments, including any changes to OADs,

were made at the physician’s discretion, reflecting

everyday practice. After 9 months of observation, an

extension of up to 20 months was offered to participat-

ing physicians.

This type of study is regulated by the German Drug

Law [Arzneimittelgesetz (AMG)] §67(6) and is primarily

intended to gather knowledge about the safety and effi-

cacy of marketed drugs in daily practice. Owing to the

non-interventional nature of the study, no ethical

approval or informed patient consent was obtained, in

accordance with local regulations (AMG). Participation

in the study was voluntary. Participating general

practitioners (GPs) were asked to document their every-

day experience in treating patients with insulin glargine

in combination with OADs and received a small com-

pensation for the documentation of each patient, which

is common practice for this type of study.

Patient demographics, diabetes history (including

prior use of OADs), key efficacy variables and adverse

events (AEs) were recorded on documentation folders.

Serious AEs (SAEs) were reported on a SAE form, which

was faxed to the pharmacovigilance department of the

manufacturer within 24 h, who then transmitted the

information to the relevant authorities [Bundesinstitut

für Arzneimittel und Medizinprodukte (BfArM)].

Patients and Study Conduct

Patients with type 2 diabetes inadequately controlled on

OADs who had not received previous insulin treatment

were eligible for documentation in this observational

study. Patients were enrolled by GPs, internal specia-

lists and diabetologists. In addition to their current OAD

therapy, patients were treated with insulin glargine

(100 IU/ml).

The following parameters were collected at baseline,

after 3 and 9 months (endpoint) of therapy and, for

those participating in the extension phase, at 20

months: HbA1c, fasting blood glucose (FBG), daily

insulin dose and body mass index (BMI). All AEs occur-

ring during the course of the observational period were

documented.

Statistical Analysis

According to a predefined statistical analysis plan, the

statistical analyses were descriptive and interpreted in

an explorative manner. Plausibility checks were

performed for demographic data, HbA1c, FBG and BMI

values, according to previously defined criteria. A sub-

analysis was performed to determine changes in HbA1c,

FBG and BMI according to different baseline BMI

groups.

Absolute and relative frequencies were calculated for

qualitative variables and adjusted relative frequencies

were calculated for variables with missing data points.

For all quantitative variables with a baseline and at least

one postbaseline data point, the mean, s.d., median, first

and third quartiles, and first and ninety-ninth percen-

tiles were calculated and the difference between base-

line and endpoint analysed. Data analysis was

performed using the statistical software package SAS
�

version 8.02 for Windows (SAS Inc., Cary, NJ, USA).
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Results

Population and Baseline Characteristics

Of the 12,266 patients enrolled in the study, data were

collected for 12,216 patients at 3 months and 6576

patients at 9 months. Patient baseline characteristics

are summarized in table 1. At baseline, 46% of patients

were aged �66 years and 50% were male. In the popula-

tion of patients for whom the information was available,

98% had not received prior insulin therapy. A total of

93% (n ¼ 11,296) of patients used OADs prior to the

study, with the majority (72.1%) using sulphonylureas,

58.2% using biguanides, 10.2% using alpha-glucosidase

inhibitors, 1.5% using thiazolidinediones and 7.6%

using other OADs.

The distribution of patients in each of the subanalysis

groups based on BMI was as follows: 1891 patients

(15.5%) with BMI <25 kg/m2; 5355 patients (43.8%)

with BMI �25 kg/m2 and <30 kg/m2; 2789 patients

(22.8%) with BMI �30 kg/m2 and <35 kg/m2; 1055

patients (8.6%) with BMI �35 kg/m2 [data missing for

1126 patients (9.2%)].

Efficacy

Glycaemic control improved after the initiation of add-

on insulin glargine therapy. Both mean HbA1c and FBG

levels decreased from baseline after 3 and 9 months of

treatment (table 2). Significantly, patients achieved

mean HbA1c levels of 7.0 � 1.0% after 9 months of

treatment. The results were comparable in both the

total cohort and the population of patients with data

available for baseline, 3 and 9 months (table 2).

Furthermore, when the data were analysed according

to the BMI subgroups, the results for HbA1c and FBG

were consistent with those seen for the whole popula-

tion of patients for whom data was available at 9 months

(n ¼ 4975; table 3).

The insulin glargine dose increased by 5.6 IU over the

course of the study, from a mean starting dose of

Table 1 Baseline characteristics of the total cohort and the patients enrolled in the 20-month extension study

Total cohort (n = 12,216) Patients enrolled in the 20-month extension (n = 2721)

Characteristic

Number of

subjects Value*

Number of

subjects Value*

Age 12,117 63.9 � 11.3 years 2702 63.8 � 11.3 years

Male/female 12,148 6094/6054 2708 1382/1326

Body mass index 11,090 29.0 � 4.7 kg/m2 2016 29.0 � 4.7

Duration of diabetes (years)

>5 5683 47% 1300 48%

1–5 4803 39% 1038 38%

<1 1220 10% 255 9%

Newly diagnosed 439 4% 106 4%

HbA1c 11,511 8.7 � 1.4% 2374 8.7 � 1.4%

Fasting blood glucose 12,100 202 � 56 mg/dl (11.2 � 3.1 mmol/l) 2527 202 � 56 mg/dl (11.2 � 3.1 mmol/l)

*Data are mean � s.d. unless otherwise specified.

Table 2 Changes in glycaemic control after initiation of add-on insulin glargine therapy after 3 and 9 months in the total

cohort and the completed population

Total cohort

Population with data available

at baseline, 3 and 9 months

n Value n Value

HbA1c (%)

Baseline 11,511 8.7 � 1.4 5729 8.7 � 1.4

3 months 11,296 7.2 � 0.9 7.2 � 0.9

9 months 6031 7.0 � 1.0 7.0 � 1.0

Fasting blood glucose, mg/dl (mmol/l)

Baseline 12,100 202 � 56 (11.2 � 3.1) 6180 203 � 56 (11.3 � 3.1)

3 months 11,872 133 � 33 (7.4 � 1.8) 133 � 33 (7.4 � 1.8)

9 months 6335 131 � 35 (7.3 � 1.9) 131 � 35 (7.3 � 1.9)
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13.8 � 6.9 to 19.4 � 9.1 IU after 9 months (n ¼ 11,866).

As expected, the starting dose of insulin glargine was

higher in patients with a greater BMI, but the increase in

the insulin glargine dose during the study was consis-

tent in all BMI categories (table 3).

A trend of decreasing BMI values was observed in the

overall study population, from a mean of 29.0 � 4.7 kg/

m2 at baseline (n ¼ 11,090) to 28.7 � 4.5 kg/m2 after 3

months (n ¼ 10,692) and 28.5 � 4.8 kg/m2 after 9

months (n ¼ 5324). When the change in BMI was ana-

lysed by BMI subgroup, a reduction in BMI in each of

the subgroups of patients with BMI values �25 kg/m2

was revealed. Mean BMI values increased slightly

(þ0.9 kg/m2) in patients with BMI <25 kg/m2 (figure 1).

Safety

A total of 214 AEs were reported in 142 patients (1.2%)

of which only 146 were considered SAEs. There were 47

reports of adverse drug reactions in 26 patients (0.2%),

of which 19 events in 16 patients (0.1%) were due to

hypoglycaemia.

Extension Study

In the 20-month extension of the original study, data

were available for 2721 patients. Baseline characteristics

of the patients in the extension study did not differ

significantly from those of patients in the total cohort

(n ¼ 12,216; table 1). For patients with both baseline

and 20-month follow-up data, the HbA1c (n ¼ 2374)

and FBG (n ¼ 2527) levels were comparable with those

observed after 9 months of treatment in these patients

(table 4). In addition, HbA1c and FBG 20-month data

analysed according to the BMI subgroups were consis-

tent with those seen at 9 months (table 4). The starting

dose of insulin glargine dose increased after 9 months
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(þ6.0 IU) and continued to increase at 20 months

(þ8.1 IU; n ¼ 2487; table 4). An overall decrease in

patient BMI was observed, from 29.0 � 4.7 to

28.6 � 4.7 kg/m2 at 9 months and 28.7 � 4.7 kg/m2 at

20 months (�0.4 kg/m2 after 20 months; n ¼ 2016).

Discussion

Our findings from 12,216 patients demonstrated that in

everyday clinical practice, patients with type 2 diabetes

inadequately controlled on OADs benefit from the addi-

tion of basal insulin treatment with insulin glargine.

Furthermore, the results from this observational study

support the data from previous clinical trials [10–13].

In particular, the reductions in mean HbA1c (�1.7%)

and FBG [�71 mg/dl (�3.9 mmol/l)] observed after 9

months of treatment in this diverse population are con-

sistent with the improved glycaemic control reported in

clinical studies of patients with type 2 diabetes. The

improvements in glycaemic control were achieved with-

out any safety issues, with only 1.2% of patients report-

ing AEs during the 9-month observation period. In

addition, the results of the 2721 patients enrolled in

the extension study suggested that the levels of glycae-

mic control achieved after 9 months of treatment could

be maintained for up to 20 months.

It is also of interest to note that the improved glycae-

mic control was associated with a decrease in BMI in the

majority of patients. In clinical studies, the body weight

of patients with type 2 diabetes treated with insulin

glargine has been shown to increase to a similar extent

or less compared with patients treated with NPH insulin

[9–13]. However, the findings of this observational

study demonstrate that the use of insulin glargine in

combination with OADs in everyday practice improves

glycaemic control without an increase in weight in

patients with type 2 diabetes inadequately controlled

on OAD regimens. The reason for this difference

remains to be further investigated, but may be associated

with the insulin dose.

In this study, insulin glargine dosing (with a mean

daily dose of 20 IU after 9 months) was actually lower

than in previous clinical studies (where the mean daily

dose ranged from 23 to 47 IU) [9,13–15]. The starting

dose of insulin glargine was higher in patients with a

greater BMI, but the increase in insulin dose seen in the

overall population was consistent across all BMI sub-

groups. This may reflect the treatment habits in every-

day practice to introduce insulin at an early stage of the

disease and therefore achieve glycaemic control targets

with lower insulin doses. A recent clinical trial demon-

strated how glycaemic control targets can be achieved

with a low insulin dose in patients at an early stage of

type 2 diabetes [6].

Poor glycaemic control is associated with an

increased risk of diabetic complications in type 2 dia-

betes [16] and HbA1c levels of <7% have been recom-

mended in order to prevent diabetic complications [17].

Achieving and maintaining good glycaemic control

necessitates the use of insulin at an early stage of dis-

ease progression and the introduction of complex insu-

lin regimens to insulin-naive patients may lead to low

treatment compliance. Therefore, the simple treatment

regimen of insulin glargine combined with OADs is one

option to facilitate early insulin treatment and has been

shown to provide a greater decrease in HbA1c levels

compared with an insulin regimen using premixed insu-

lin [14]. A wide range of clinical studies have demon-

strated that target HbA1c levels can be achieved with

insulin glargine without an increased risk of hypogly-

caemia [18], but less data are available to show the long-

term outcome of metabolic control outside of the clin-

ical setting. In this study we showed that patients can

achieve mean HbA1c levels of 7.0% after 9 months of

treatment, supporting a role for insulin glargine in

attaining glycaemic targets in everyday clinical practice.

The purpose of observational studies is to examine

the use of a medication in everyday practice. Contrary

to prevailing views, well designed observational studies

provide an important and valid tool in assessing the

magnitude of treatment effects [19,20]. Such studies

can be used to confirm the efficacy and safety of a

therapeutic agent when used in a broad population

without influencing the normal practice of GPs and

their patients. This type of study allows conclusions to

be made on the applicability of a particular therapy

outside the setting of a clinical trial; in everyday prac-

tice, there may be poor compliance and widely variable

patient characteristics, such as the number of comorbid-

ities and concomitant medications. The non-interven-

tional nature of this study provides the possibility to

detect differences between the controlled use of insulin

glargine as prescribed in clinical trials and its actual

application by physicians and patients in everyday life.

This was the first study performed to assess the use of

insulin glargine in a real-life setting in a large cohort of

patients with type 2 diabetes. The population enrolled in

this long-term study is typical of the general population

of patients with type 2 diabetes in an outpatient setting

in Germany. The majority of patients were �60 years old

and overweight. The high blood glucose levels reported

at the start of the study reflected the patients’ poor gly-

caemic control on OAD therapy and indicated the need

for a change in their current treatment regimens.

OA Glargine benefits type 2 patients on OADs S. A. Schreiber and T. Haak

36 j Diabetes, Obesity and Metabolism, 9, 2007, 31–38 # 2006 Blackwell Publishing Ltd

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Line

ryan feyk
Text Box
5

ryan feyk
Text Box
10

ryan feyk
Text Box
15

ryan feyk
Text Box
20

ryan feyk
Text Box
25

ryan feyk
Text Box
30

ryan feyk
Text Box
35

ryan feyk
Text Box
40

ryan feyk
Text Box
45

ryan feyk
Text Box
5

ryan feyk
Text Box
10

ryan feyk
Text Box
15

ryan feyk
Text Box
20

ryan feyk
Text Box
25

ryan feyk
Text Box
30

ryan feyk
Text Box
35

ryan feyk
Text Box
40

ryan feyk
Text Box
45

ryan feyk
Text Box
50



However, although observational studies provide

additional data to support the results of randomized

clinical trials, there are limitations to the conclusions

that can be drawn from such uncontrolled, non-rando-

mized studies. Due to the non-interventional documen-

tation of everyday routine, missing data occur if the

treatment habits of the participant differ from the sche-

dule of the documentation record. Additionally, the

number of documentations returned depends on the

willingness and cooperation of the participating GPs to

continue the documentation for the observation period.

In this study, 12,266 documentations were received

after 3 months and 6576 documentations were received

after 9 months of observation. There was no information

about patients for whom documentation was returned

after 3 months but not after 9 months and conclusions

could only be drawn from the data that were received.

Despite these limitations, the benefit of ‘real world’

observational studies to the practising physician should

not be underestimated.

In conclusion, patients with type 2 diabetes inade-

quately controlled on OAD regimens alone can benefit

from the addition of insulin glargine to their current

therapy in everyday practice. Insulin glargine therapy

in these patients was found to be safe and resulted in

improved glycaemic control without an increase in BMI.
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