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Abstract

Introduction:
The aim of this study was to compare, from the perspective of the statutory health insurance, resource 
consumption and the associated adjusted treatment costs of intensified conventional therapy (ICT) with long-
acting insulins in patients with type 1 diabetes mellitus (T1DM).

Methods:
We identified patients with T1DM who started ICT with either insulin glargine or neutral protamine 
Hagedorn (NPH) insulin between July 2000 and February 2008 using a representative German database 
(IMS® Disease Analyzer). The variables age, gender, insurance status, diabetes duration, hemoglobin A1c 
level, body mass index, and geographic region and specialization of practice were collected. Resource 
consumption was evaluated over a time period of 12 months and included the quantities of applied basal 
and bolus insulin, blood glucose test strips, lancets and needles, physician visits (general practitioner, 
specialist), hospitalization, and antihypoglycemic therapy (intravenous glucose/glucagon).

Results:
A total of 2297 patients with T1DM were included; 1079 received ICT with insulin glargine and 1218 with NPH 
insulin. After adjustment, annual cost savings in favor of insulin glargine amounted to €423.94 compared with 
NPH insulin (p = .3019).

Discussion:
The adjusted results show that an ICT with insulin glargine results in lower annual costs than ICT with NPH 
insulin (this difference was not statistically significant). However, in the context of glucose-lowering effect and a 
lower hypoglycemia rate, insulin glargine is preferred to NPH insulin for patients with T1DM undergoing ICT.
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Introduction

Diabetes mellitus is one of the major chronic metabolic diseases. This is due to its high and steadily increasing 
prevalence, its chronic course, and its diabetes-specific long-term effects. According to epidemiological studies, 
approximately 7.5 million people in Germany currently suffer from diabetes mellitus, of which approximately 520,000 
patients have type 1 diabetes mellitus (T1DM).1 The collective term diabetes mellitus denotes various metabolic disorders, 
the main symptom of which is hyperglycemia. Type 1 diabetes is caused by a typically immunologically mediated 
destruction of beta cells in the pancreas, which leads to absolute insulin deficiency. It usually manifests in childhood 
or early adulthood.

Treatment of T1DM includes administration of long-acting insulins to meet basal insulin requirements and adminis-
tration of short-acting insulins with the main meals [intensified conventional therapy (ICT)]. Treatment goals include 
preventing hypoglycemia, avoiding late complications, treating concomitant risk factors, and maintaining high quality 
of life.2 Several prospective long-term studies have shown that near-normal metabolic control is of great importance in 
the prevention of diabetes-related late consequences.3–5 In particular, the protective effect of improved blood glucose 
control on cardiovascular risk has been shown.6

Compared with the nondiabetic population, diabetes patients have an increased risk of microvascular and macro-
vascular diseases (e.g., heart attack, stroke, nephropathy, retinopathy).7 Hence, expenses of the statutory health insurance 
in Germany for treating a diabetes patient are, on average, nearly twice as high as those for treating a nondiabetic 
patient.8 The total direct cost burden of diabetes in Germany grew from €27.8 billion in the year 2000 to €42.0 billion 
in the year 2007 (+51.1%). Incremental per-capita costs were €2,400 in 2000 and €2,605 in 2007.9 

The cost-effectiveness of insulin therapy is also gaining importance in the selection of treatment for T1DM patients. 
Various basal insulins are available and their effectiveness is almost comparable. Some studies have shown that 
insulin glargine is superior to neutral protamine Hagedorn (NPH) insulin in reducing the fasting blood glucose 
value, the hemoglobin A1c (HbA1c) value, and the number of nocturnal hypoglycemias in T1DM patients.10–15  
Glargine appeared to be cost-effective or even cost saving among T1DM patients with basal bolus therapy from the 
perspective of statutory health insurance compared with NPH depending on the scenario chosen.16 

The aim of this study was to compare insulin glargine and NPH insulin, in terms of resource consumption and 
directly associated treatment costs, in T1DM patients receiving ICT.

Methods
This historical cohort study was conducted using the IMS® Disease Analyzer database.

The Disease Analyzer database (IMS Health) compiles drug prescriptions, diagnoses, and basic medical and 
demographic data obtained directly from the computer systems of the practices of general practitioners and specialists 
throughout Germany. Diagnoses (ICD-10), prescriptions [Anatomical Therapeutic Chemical (ATC) classification 
system], and the quality of reported data were continuously monitored by IMS based on a number of quality criteria  
(e.g., completeness of documentation, linkage of diagnoses and prescriptions). The data are generated directly from the 
computers in the physicians’ practices via standardized interfaces and provide daily routine information on patients’ 
diseases and therapies. A practice transmits patient data stored in the physician’s computer to IMS on a monthly basis. 
Before transmission, the data are encrypted for data protection. Altogether, the database includes data from roughly 
3000 practices and approximately 20 million patients in Germany from at least a 10-year period. The validity of the 
Disease Analyzer data was previously evaluated and described.17 It has been the basis of a number of studies and 
peer-reviewed scientific publications in the fields of epidemiology as well as cost analyses.18,19

Data from T1DM patients who started ICT with insulin glargine or NPH insulin between July 2000 and February 2008 
were analyzed (Figure 1). Patients were identified as T1DM patients if they were diagnosed according to ICD-10 before 
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age 30 years, had not been treated with oral antidiabetic drugs in the past, and had no diagnoses indicating type 2 
diabetes (ICD-10 E11). The patient population was defined by the following inclusion and exclusion criteria:

• continuity of patient data at least 12 months prior to and 18 months within the treatment period;

• ICT, i.e., insulin glargine/ NPH insulin + short-acting insulin (ATC A10C1) throughout the observation period;

• no prescriptions of premixed insulins (A10C3) throughout the observational period;

• no switch between the basal insulins glargine and NPH during the observational period; 

• no previous prescriptions of insulin pumps; and/or

• no prescriptions of porcine/bovine insulins or U-40 insulins during the observational period. 

The variables age, gender, insurance status (statutory or private), region (west or east), practice specialization (general 
practitioner or diabetologist), diabetes duration, HbA1c value (if documented), and body mass index (BMI; if documented) 
were recorded. The resource consumption was calculated over 12 months (months 7–18 of the observational period) and 
included the consumption of basal and bolus insulins, antihypotensive prescriptions (intravenous glucose/glucagon), 
blood glucose test strips, and the number of physician visits (general practitioner visits, referrals to specialists) and 
hospital admissions.

Figure 1. Patient selection.

The direct treatment costs of antihyperglycemic therapy  
for the individual treatment groups were also determined. 
These included the costs for basal and bolus insulin, 
blood glucose test strips, and additional consumables 
(e.g., lancets, needles). Costs of concomitant medication 
for the treatment of cardiovascular risk factors and hypo- 
glycemias were also collected, including antihypertensives 
(ATC codes C02, C03, C07, C08, C09), lipid-lowering 
agents (ATC code C10), antithrombotics (ATC code B 01),  
intravenous glucose/glucagon (for the treatment of hypo-
glycemia), and heart drugs/anticoagulants (ATC codes 
C01, B02).

The identified amounts and costs were adjusted for the 
variables of age, gender, practice specialization, region, 
diabetes duration, HbA1c value, and BMI value using 
a multivariate Cox regression analysis. The significance 
level was set at p = .05.

Results

Patient Characteristics
Overall, data from 2297 patients were analyzed, including 1079 patients who received ICT with insulin glargine and  
1218 patients who received ICT with NPH insulin (Figure 1). 

The treatment groups exhibited differences in the recorded variables of geographic location of the practice, practice 
specialization, HbA1c value, and BMI. Most patients in the NPH group were treated by a practice in West Germany 
(p < .0001) and had a higher BMI (25.9 kg/m2) compared with insulin glargine (p = .0094). The treatment groups were 
comparable in other clinical and sociodemographic variables (Table 1).
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Resource Consumption
Consumption of basal insulin was lower in the glargine group (17.5 U/day). Consumption of bolus insulin was 
comparable in the glargine (26.5 U/day) and NPH groups (25.6 U/day). Most often, general practitioner visits took 
place in the NPH group. The calculated resource consumption data are shown in Table 2.

Direct Treatment Costs
The average adjusted annual treatment costs of antihyperglycemic therapy ranged from €1,512 for ICT with glargine 
to €1,308 with NPH (Table 3). The costs of concomitant medication (antihypertensives, lipid-lowering agents, 
antithrombotic agents, cardiac drugs/anticoagulants) before the adjustment were highest for patients treated with NPH 
insulin and amounted to €51 per year, whereas patients treated with insulin glargine incurred costs of €47 per year 
(Figure 2). Annual costs for hypoglycemia treatment (glucagon/intravenous glucose) were lower for ICT with insulin 
glargine (€4.10) compared with NPH insulin (€5.30). 

Table 1.
Patient Characteristics in the Treatment Groups

Variable Glargine NPH p value

Total, n (%) 1079 (100 %) 1218 (100 %)

Male, n (%) 709 (66 %) 752 (62 %) 0.050

Privately insured, n (%) 53 (5 %) 54 (4 %) 0.579

West Germany, n (%) 832 (77 %) 1042 (86 %) <0.001

Practice specializing in diabetology, n (%) 459 (43 %) 421 (35 %) <0.001

Age in years (average ± SD) 31.9 ± 10.9 31.1 ± 11.7 0.262

Diabetes duration in years (average ± SD) 6.8 ± 12.6 7.1 ± 14.8 0.057

HbA1c value in % (average ± SD) 7.9 ± 1.6 7.7 ± 1.6 0.014

BMI in kg/m2 (average ± SD) 25.2 ± 4.3 25.9 ± 5.0 0.253

SD, standard deviation.

Table 2.
Annual Resource Consumption

Variable (per 12 months) Glargine NPH p value

General practitioner visits (average ± SD) 10.5 ± 6.4 10.8 ± 6.9 0.453

Hospitalizations (average ± SD) 0.1 ± 0.4 0.1 ± 0.4 0.774

Referrals to specialists (average ± SD) 1.6 ± 2.6 1.4 ± 2.5 0.032

Basal insulin consumption in U/day (average ± SD) 17.5 ± 8.5 19.7 ± 11.4 <0.001

Bolus insulin consumption in U/day (average ± SD) 26.5 ± 14.8 25.6 ± 15.6 0.040

Consumption of blood glucose test strips per day (average ± SD) 3.4 ± 4.4 3.2 ± 4.2 0.548

SD, standard deviation.

Table 3.
Direct Annual Costs of Blood Glucose Management (Pharmacy Retail Price)
Direct annual treatment costs, unadjusted (average ± SD) Glargine NPH p value

Basal insulin €399.95 ± €190.13 €280.10 ± €158.98 <0.001

Bolus insulin €477.78 ± €272.50 €415.86 ± €254.74 <0.001

Blood glucose test strips €577.82 ± €769.82 €556.82 ± €744.85 0.663

Consumables (e.g., needles, lancets) €56.63 ± €90.56 €55.41 ± €91.87 0.584

Total €1,512.19 ± €950.96 €1,308.18 ± €914.1 <0.001

SD, standard deviation.
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Figure 2. Unadjusted annual costs of concomitant medication 
(antihypertensives, lipid-lowering agents, antithrombotic agents, 
intravenous glucose/glucagon, and cardiac drugs). i.v., intravenous.

Cox Regression Analyses
The multivariate Cox regression analysis showed that ICT  
with insulin glargine leads to significant savings compared 
with ICT with NPH insulin (Table 4). Based on the annual 
costs of antihyperglycemic therapy, ICT with insulin 
glargine led to calculated savings of €423.94 (p = .3019) 
compared with NPH insulin.

With regard to treatment of hypoglycemia, it was found  
that 10.6% of glargine patients and 11.4% of NPH patients 
received glucose or glucagon prescriptions. This was 
reflected in the cost calculations (Table 4). 

Intensified conventional therapy with insulin glargine also 
showed cost benefits compared with NPH insulin in the 
adjusted analysis. They were not statistically significant, 
however. All results of the multivariate analysis are 
shown in Table 4.

Discussion
This analysis examined the resource consumption and 
associated costs of 2297 T1DM patients. Of these, 1079 
patients received ICT with insulin glargine and 1218 
with NPH insulin. To our knowledge, this is the first 
study in Germany to compare, based on a representative 
database, resource consumption and associated costs of 
T1DM patients undergoing ICT under real-life conditions. 
After adjustment for possible confounding factors, it 
became clear that ICT with insulin glargine uses fewer 
resources and leads to lower costs than ICT with NPH 
insulin. However, the differences were not significant.

Overall, the costs of T1DM to the health care system are 
significant. This is mainly due to the chronic course and 
associated complications of the disease. So far, there are no 
studies of the total costs solely due to T1DM in Germany. 

Table 4.
Differences in Resource Consumption and Costs 
after Adjustment

  Glargine 
versus NPH p value

Antidiabetic agents  
(insulin, test strips, consumables) -423.94 0.302

Costs of basal insulin, € 29.08 0.794

Costs of bolus insulin, € -86.36 0.572

Costs of blood glucose test strips, € -258.80 0.251

Costs of additional consumables  
(e.g., lancets, needles), € -107.86 0.267

Number of general practitioner visits/year -1.61 0.658

Number of hospitalizations/year 0.01 0.832

Number of referrals to specialists/year 0.16 0.918

Consumption of basal insulin, U/day -6.00 0.351

Consumption of bolus insulin, U/day -5.88 0.466

Consumption of blood glucose test strips, 
U/day -0.31 0.829

Costs of antihypoglycemic treatment, € -1.27 0.289

The results of this study point to potential savings for the German health care system through the use of insulin 
glargine for ICT for T1DM patients compared with NPH insulin. The adjusted annual costs of antihyperglycemic 
therapy were €423.94 lower when using insulin glargine instead of NPH insulin. There are an estimated 360,000 T1DM 
patients in Germany (5% of 6 million diagnosed diabetes patients), of which approximately 226,800 (63%) receive ICT,  
9% conventional insulin treatment regimens, and 28% pump therapy.20 Utilizing the distributions of insulin glargine 
and NPH insulin identified in this analysis as a basis, an estimated 39% of T1DM patients currently receive ICT with  
insulin glargine, while approximately 45% are being treated with NPH insulin and approximately 16% with other basal 
insulins. A switch of the ICT to insulin glargine of all T1DM patients in Germany who do not yet receive insulin 
glargine (approximately 138,300 patients, of which approximately 102,000 take NPH and 36,000 take other basal 
insulins) could lead to savings of approximately €51 million per year for the statutory health insurance. 

The results of this analysis are confirmed by several studies on the cost-effectiveness of long-acting insulin analogs 
in the treatment of T1DM in other countries. Six cost–utility analyses (CUAs) examined insulin glargine compared 
with NPH insulin with regard to the target value “additional costs per saved quality-adjusted life year” (QALY).21–26  
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The majority of these studies are based on improved metabolic control (HbA1c reduction) with insulin glargine 
compared with NPH insulin or a reduced rate of hypoglycemia with insulin glargine at a comparable metabolic state. 
The Swiss analysis includes symptomatic, severe, and nocturnal hypoglycemia and microvascular and macrovascular 
events with their effects on quality of life, life expectancy, and treatment costs.21 In this analysis, insulin glargine 
was dominant compared with NPH insulin, i.e., more effective and cost saving. Cameron and Bennett22 conducted a 
CUA from the perspective of the Canadian health care system. They included symptomatic and severe hypoglycemia 
and their effects on quality of life, including fear of hypoglycemia, and examined the treatment costs. Assuming that 
the compared treatments do not differ with respect to HbA1c value, in this analysis, costs per QALY amounted to 
Can$916,401. Another modeling study for the Canadian health care system is that of Grima and coauthors,23 based on 
a greater HbA1c reduction through insulin glargine. This study calculated costs of Can$20,799 per QALY gained.  
A British CUA considered a greater reduction of HbA1c and a greater reduction of hypoglycemia and reported 
costs of £31,890 per QALY gained.24 Two other studies within the British health care system that considered a lower 
hypoglycemia rate for treatment with insulin glargine calculated costs of between £3,496 and £4,978 per QALY, 
depending on how insulin was administered (insulin vial, insulin cartridge, or pen).25,26 Converting the results of 
these studies to Euro using Purchasing Power Parities, the additional costs per QALY gained ranged from €3,859 to 
€57,002. The reported costs per QALY for insulin therapy with insulin glargine are therefore within the generally 
accepted cost-effectiveness limits.27

When evaluating the results of this analysis, some basic structural and methodological limitations must be taken into 
account. The examined study population is rather young, with a comparatively short duration of diabetes. This explains 
the relatively low costs of concomitant medication. Further, there was no validation of diagnoses and prescriptions 
for reasons of data protection. Since it is a historical cohort study, randomization of patients was not possible. This is 
a fundamental limitation of any secondary data analysis. However, this fact was taken into account by correcting 
existing differences in patient characteristics in the two treatment regimens as well as their possible impacts on 
the target variable using accepted adjustment methods. Another limitation is that this study only examined general 
medical practices and diabetologic practices. In Germany, many children are monitored and treated at specialized 
outpatient clinics of university hospitals. These outpatient clinics are not covered by the Disease Analyzer database. 
Confounding by indication may have had more of an impact on the results than the underlying basal insulin used. 
Similarly, the type of bolus insulin used has not been accounted for in the analysis and may have had an impact on  
the results. The further limitation regards available variables. While adjustment has been performed based on some of 
the important parameters, biochemical profiles are not known, neither are the levels of comorbidity in each group,  
all of which may have affected the outcomes. Finally, as more subjects in the glargine arm are treated by specialists, 
they may well have initially been sicker but then better managed under specialist care. Despite their limitations, 
database analyses provide important insights into the real-life situation, offering valuable information to decision 
makers that is complementary to randomized controlled studies.28
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