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Purpose: CHOICE (CHanges to treatment and Outcomes in patients with type 2 diabetes ini-

tiating InjeCtablE therapy) assessed patterns of exenatide bid and initial insulin therapy usage 

in clinical practice in six European countries and evaluated outcomes during the study.

Methods: CHOICE was a 24-month, prospective, noninterventional observational study. 

Clinical and resource use data were collected at initiation of first injectable therapy (exenatide 

bid or insulin) and at regular intervals for 24 months. Costs were evaluated from the national 

health care system perspective at 2009 prices.

Results: A total of 2515 patients were recruited. At the 24-month analysis, significant treatment 

change had occurred during the study in 42.2% of 1114 eligible patients in the exenatide bid 

cohort and 36.0% of 1274 eligible patients in the insulin cohort. Improvements in glycemic 

control were observed over the course of the study in both cohorts (P , 0.001 for both), but 

mean weight was reduced in the exenatide bid cohort (P , 0.001) and increased in the insulin 

cohort (P , 0.001) by 24 months. Across all countries, total per patient health care costs for the 

24 months post baseline were €3997.9 in the exenatide bid cohort and €3265.5 in the insulin 

cohort (€1791.9 versus €2465.5 due to costs other than those of injectable therapy). When 

baseline direct cost and patients’ and disease characteristics were controlled for, mean direct 

costs differed by country (P , 0.0001), irrespective of treatment initiated, and the mean cost 

difference between treatments varied by country (P , 0.0001).

Conclusion: Much of the higher mean cost of exenatide bid, compared with insulin, therapy 

was compensated for by lower mean costs of other health service utilization. Costs associated 

with exenatide bid or insulin initiation varied across countries, highlighting the need to avoid 

generalization of resource use and cost implications of a particular therapy when estimated in 

specific country settings.

Keywords: exenatide, health care costs, injectable therapy, insulin, resource use, type 2 

diabetes mellitus

Introduction
An estimated 8.1% of Europe’s adult population (52.8 million people) has diabetes 

mellitus. The prevalence of the disease continues to grow; by 2030, it is estimated that 

64.2 million individuals (9.5% of the world’s adult population) will live with diabetes 

mellitus.1 Type 2 diabetes mellitus (T2DM) accounts for 85%–90% of all diabetes mellitus 

cases.2 As the diabetes epidemic expands, associated health care demands and costs also 

continue to increase.3 For example, the direct medical costs associated with diabetes 

mellitus in Europe in 2011 were estimated at $131 billion.1 Moreover, the indirect costs 

associated with lost productivity due to disability, absenteeism, early retirement, social 

benefits, and caregivers are significant, exceeding the direct costs of diabetes care.4
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New classes of antidiabetes medication have been 

developed to address the unmet needs of the growing 

population of patients with T2DM. Glucagon-like peptide-1 

(GLP-1) receptor agonists were first granted regulatory 

approval in Europe for the treatment of T2DM in 2006 and 

were subsequently introduced to the market. Regulatory 

approval does not require demonstration of the effects of 

therapy in usual care settings, and as the demand for data 

to support decision making escalates, there is a growing 

recognition that randomized controlled trials (RCTs) alone 

will not fill the information gaps.5,6 This is primarily because 

RCTs enroll a homogeneous patient population, carefully 

define treatment regimens, and require that these regimens 

be assiduously followed. As such, the management approach 

used in RCTs does not reflect actual clinical practice.7 In 

addition, resource use and costs of therapy can only be 

evaluated with limited reliability or validity in RCTs. For 

reasonable external validity and generalizability of the cost 

implications of a chosen treatment strategy, it is important 

to estimate these outcomes in more realistic clinical practice 

settings.

Well-designed observational research is an increasingly 

utilized complementary approach to enhance the evidence 

upon which the management of a disease is based.8 This type 

of research is particularly important in T2DM because of the 

chronic, complex nature of the condition, and the large and 

heterogeneous nature of the affected population. According 

to Ligthelm et al, “a comprehensive evidence base, including 

both RCTs and high-quality, well-designed observational 

studies, is essential to make balanced judgments about the 

management of diabetes.”9

Exenatide bid delivered by subcutaneous injection 

was the first approved GLP-1 receptor agonist. Although 

exenatide once weekly and liraglutide have more recently 

been approved, these GLP-1 receptor agonists were not 

available for routine clinical use at the initiation of this study 

and hence were not included for study. RCTs have shown that 

exenatide bid provides glucose-lowering efficacy similar to 

that of insulin glargine and biphasic insulin aspart, and that 

in contrast with insulins, it is associated with weight loss.10–12 

These results indicate that, in many patients with T2DM, 

exenatide bid could be an alternative to initial conventional 

insulin therapy. Economic modeling of clinical trial data 

using the CORE (Center for Outcomes Research) diabetes 

model projected the therapy to be cost effective in comparison 

with insulin glargine in multiple European geographies.13–16 

Post launch retrospective analyses of prescription claims data 

in the United States have also compared health care resource 

use (and associated costs) for patients receiving exenatide bid 

and insulin glargine.17–19 However, these latter studies are of 

limited use in understanding the European health care setting, 

where health services are predominantly publicly funded 

and a large diversity in drug reimbursement systems exists. 

CHOICE (CHanges to treatment and Outcomes in patients 

with type 2 diabetes initiating InjeCtablE therapy) was the 

first prospective observational study to evaluate patterns of 

exenatide bid and initial insulin therapy usage and outcomes 

(clinical and economic) in clinical practice in multiple 

European countries. This paper focuses on the resource 

use and associated costs during the 24 months after the 

initiation of injectable therapy with exenatide bid or insulin 

in CHOICE.

Patients and methods
Design and patients
CHOICE (http://www.clinicaltrials.gov identif ier 

NCT00635492) is  a prospective,  multinational, 

noninterventional observational study that recruited 

patients from six European countries (Denmark, Belgium, 

France, Germany, Greece, and Sweden) between January 

2008 and October 2009. Patients were recruited through 

322 investigators (88.0% at secondary care sites) and invited 

to participate only after the clinical decision had been made 

that they would initiate exenatide bid or insulin. At study 

entry, patients could be taking any oral antidiabetes (OAD) 

medication. Appropriate ethical review board approval was 

obtained and patients gave written informed consent for the 

use of their data at the time of initiation of injectable therapy 

(baseline). Data were collected from patients at routine 

clinical care visits at baseline and at approximately 3, 6, 

12, 18, and 24 months thereafter. Patients referred from the 

study site to another health care professional (HCP) during 

the study were followed up by contacting the new provider 

and by postal patient questionnaires. For more details on the 

design of the CHOICE study, see Matthaei et al.20

The primary endpoint of CHOICE was the time to a 

significant treatment change after patients with T2DM initiated 

their first injectable, glucose-lowering therapy (exenatide bid 

or insulin) in clinical practice. This allowed evaluation of 

patterns of initial injectable therapy usage in patients with 

T2DM. Significant treatment change was defined as at least 

one of the following: discontinuation of any exenatide bid/

insulin initiated at baseline; addition of a new medication (any 

route of administration) for the treatment of T2DM; a change 

in the number of times insulin is administered per day; or 

substitution of a human insulin for an analog insulin or vice 
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versa (not including switching between brands of the same 

class/type of insulin). Secondary endpoints included reasons 

for significant treatment change, clinical outcomes, and 

medication usage after initiation of exenatide bid or insulin. 

This paper reports the real-world economic outcomes of the 

study and focuses on the secondary endpoint of estimating 

health care resource utilization and costs associated with 

treatment of T2DM. Resource use data were collected at 

baseline (for the previous 6 months) and all follow-up visits 

(“since last visit”), and included the following:

•	 Antidiabetes medication (OAD and injectable therapy; 

agent and dosage);

•	 Self-monitoring of blood glucose (SMBG);

•	 Incidence and summary of number of contacts with primary 

care (primary care doctor and nurse) and secondary care 

HCPs (diabetologist/endocrinologist, internal medicine, 

specialist nurse, dietician, ophthalmologist, chiropodist/

podiatrist, cardiologist, nephrologist, and neurologist);

•	 Hospitalizations, including emergency room (ER) visits 

and overnight hospitalizations;

•	 Concomitant medication (lipid-lowering, cardiovascular, 

antiplatelet,  weight lowering, and antiemetic 

medication).

Direct medical costs and resource use costs were 

evaluated from the national health care system (third-party 

payer) perspective at 2009 prices. All prices were taken 

from published sources and converted from local currencies 

to Euros (€). Direct nonmedical costs (eg, transportation 

costs) and indirect costs (eg, productivity losses) were not 

assessed in this study. Also, data on concomitant medication 

(other than OAD therapies) were considered as additional 

information and were not collected with all details needed for 

costing. For each country, per-patient costs were calculated by 

applying local unit costs (from the payer perspective) to each 

resource used: exenatide bid/insulin costs, OAD medication 

costs, resource utilization costs, and SMBG costs.

The following assumptions were employed when 

calculating costs: all medications were assumed to be branded 

formulations; when medications with multiple brand names 

were used, mean costs were taken; combination medication 

was assigned a cost for the total daily dose of the lowest 

priced medication; and data on the average number of SMBG 

measurements per week over the past month were used to 

calculate daily costs that were applied to each day over 

the observation interval. Data on hospitalizations for acute 

complications, long-term complications, and hypoglycemia 

were collected. Hospitalization costs were valued on the basis 

of cost per episode for each type of admission.

Analysis
Sample size
The study aimed to recruit a maximum of 800 patients per 

country/country group with approximately 60% initiating 

insulin and 40% initiating exenatide bid. The insulin cohort 

was to be larger than the exenatide bid cohort because of 

the greater variability in the former cohort (linked to use of 

different insulin regimens). For more detail on the CHOICE 

study protocol, see Matthaei et al.20

Statistical analysis
All patients who provided consent to release information, 

fulfilled the study entry criteria, and had a case report form 

summary page signed by an investigator were included in the 

analyses (“eligible patients”). Due to the observational nature 

of this study, patients who violated the study description were 

included in the analyses. Analyses were performed using all 

data up to the point of the last data collection for patients who 

were lost to follow-up or who withdrew from the study.

Analyses were conducted on the eligible population 

according to the cohort (insulin or exenatide bid) that they were 

placed in at baseline (“initiators analysis”). As anticipated, 

analysis of the baseline data indicated that the two treatment 

cohorts comprised substantially different patient populations 

(see Matthaei et al).20 A propensity score-derived matched 

subgroup (exenatide bid versus insulin) was analyzed to 

understand the cost outcomes in a more comparable patient 

subgroup. To further assess the role of patient selection, as 

well as to control for differences between countries that were 

likely to exist due to treatment practices and costs specific 

to each national health care setting, the direct medical cost 

per patient following initiation of therapy was modeled (post 

hoc) using analysis of covariance. Total cost per patient per 

6 months (taking into account all the information available 

between baseline and 24 months and adjusting for duration of 

follow-up) was the dependent variable; treatment (exenatide 

bid/insulin), country, and country-by-treatment interaction 

were the independent (categorical) variables; propensity 

score and treatment cost prior to baseline were included as 

covariates. The baseline cost was the total cost during the 

6 months prior to inclusion in the study.

Outliers
All data entered by patients and HCPs were used in the 

primary analysis. Outlying data points for OAD and 

injectable medication doses were defined as values $200% 

of maximum daily doses. No outliers were found according 

to this criterion. Missing data were not imputed.
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Results
A total of 2515 patients were recruited after the decision had 

been made that they would initiate injectable therapy for the 

first time in routine clinical practice; 2388 (95.0%) were 

eligible for the analysis (1114 in the exenatide bid cohort and 

1274 in the insulin cohort). Throughout the 24-month study, 

23.5% of patients discontinued the study (lost to follow-up 

was the most common reason in both cohorts [≈13.5%], 

although 7.4% of exenatide bid and 3.5% insulin patients 

discontinued due to “subject decision”).

At the 24-month analysis, significant treatment change 

had occurred during the study in 42.2% of 1114 eligible 

patients in the exenatide bid cohort and 36.0% of 1274 eligible 

patients in the insulin cohort.21 The most common reason for 

discontinuing the initial injectable therapy was inadequate 

response (15.3% of the exenatide bid cohort and 6.8% 

of the insulin cohort); adverse events were the reason for 

discontinuing initial injectable therapy for 8.2% of the 

exenatide bid cohort and 0.9% of the insulin cohort.21 The 

clinical results of CHOICE and additional details regarding 

the reasons for discontinuation of initial injectable therapy 

are reported elsewhere.21

Demographic and clinical characteristics
Overall, patients in the exenatide bid cohort tended to be 

younger and more obese, with greater comorbid illness but 

better glycemic control and fewer diabetes complications 

than the insulin cohort (Table 1; see Matthaei et al).20 Patients 

in the exenatide bid cohort also appeared more likely to have 

received multiple OADs than patients in the insulin cohort 

(Table 1).

Clinical outcomes
Improvements in mean glycated hemoglobin (HbA

1c
) over 

24 months were observed in both the exenatide bid and insulin 

cohorts. When controlling for baseline HbA
1c

, treatment, and 

visit, statistically significant improvements in mean HbA
1c

 

were observed over the course of the study in both groups 

(analysis of covariance t-test: P , 0.001 for mean change 

from baseline for both). In the exenatide bid group, mean 

(standard deviation [SD]) HbA
1c

 was 8.4 (1.4)% units at 

baseline, 7.5 (1.2)% units at 3 months, and remained between 

7.3 (1.2)% units and 7.4 (1.2)% units at each further visit. 

Corresponding mean (SD) HbA
1c

 values in the insulin group 

were 9.2 (1.9)% units, 7.5 (1.4)% units, and 7.3 (1.0)% units 

to 7.3 (1.1)% units.

Least square mean weight was significantly reduced in 

the exenatide bid cohort by 3 months (least square mean 

[standard error] reduction of 2.2 [0.1] kg from baseline), 

remaining below baseline levels thereafter, and was 

significantly increased in the insulin cohort by 6 months 

(least square mean [standard error] increase of 0.8 [0.2] kg); 

least square mean (standard error) weight had increased by 

1.8 (0.2) kg from baseline in the insulin cohort by 24 months 

(analysis of covariance t-test: P , 0.001 versus baseline 

for both cohorts, when controlling for baseline weight, 

treatment, and visit). Hypoglycemia was reported (based 

on patient recall) by 18.4% of the exenatide bid cohort and 

36.8% of the insulin cohort. At 24 months, the proportion of 

patients who met the clinically relevant composite endpoint 

suggested by Zinman et al (HbA
1c

 ,7.0%, no weight gain 

[#1 kg], and no hypoglycemia)22 was 25.9% in the exenatide 

bid cohort and 10.0% in the insulin cohort. Overall, 30.8% 

of the exenatide bid cohort reported gastrointestinal events; 

this was primarily in the first 6 months post baseline, with 

fewer than 8% reporting these events in all subsequent 

Table 1 Baseline clinical and demographic characteristic of 
patients with type 2 diabetes mellitus initiated on exenatide bid 
or insulin therapy

Variable Exenatide bid 
 (n = 1114)

Insulin 
(n = 1274)

Male, n (%) 598 (53.7) 733 (57.5)
Age, years 58.1 (10.1) 63.7 (10.9)
Weight, kg 101.2 (21.7) 84.2 (17.6)
BMI, kg/m2 35.3 (6.6) 29.7 (5.4)
Blood pressure (mmHg)
 Systolic 137.7 (16.5) 137.4 (17.4)
 Diastolic 81.7 (9.6) 80.2 (9.9)
Time since diabetes diagnosis, 
years

8.2 (5.7) 9.8 (7.3)

HbA1c, % 8.4 (1.4) 9.2 (1.9)
Number of OADs used, n (%)
 0 76 (6.8) 333 (26.1)
 1 499 (44.8) 574 (45.1)
 2 491 (44.1) 341 (26.8)
  $3 48 (4.3) 26 (2.0)
Insulin regimen, n (%)
 Long-acting only NA 627 (49.2)
 Short-acting only NA 147 (11.5)
 Pre-mix NA 312 (24.5)
 Basal-bolus NA 174 (13.7)
 Other NA 14 (1.1)
Patients with $1 hypoglycemic 
event (past 3 months), n (%)

59 (5.3) 56 (4.4)

Diabetes complications, n (%)
  $1 macrovascular complication 200 (18.0) 320 (25.1)

  $1 microvascular complication 164 (14.7) 263 (20.6)

Notes: Continuous data are mean (SD); Wilcoxon test used for continuous data; 
Chi-squared or Fisher’s exact tests used for categorical data.
Abbreviations: BMI, body mass index; HbA1c, glycated hemoglobin; NA, not 
applicable; OAD, oral antidiabetes drug; SD, standard deviation.
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6-month periods. A total of 5.3% of patients in the insulin 

cohort experienced gastrointestinal events (most commonly 

abdominal pain in 2.5% of patients). Adverse events were 

recorded as the reason for treatment discontinuation in 91 

patients in the exenatide bid cohort (8.2%) and eleven patients 

in the insulin cohort (0.9%).

Propensity matching of baseline patient and disease-

related characteristics identified 619 pairs of patients who 

could be compared (51.8% of the total sample). In this 

subgroup, there was no significant difference between 

treatment cohorts regarding mean (SD) change in HbA
1c

 

(P = 0.7587) or in the percentages of patients at 24 months 

with HbA
1c

 ,7.0% (P = 0.4904) or ,6.5% (P = 0.3390). 

However, patients in the exenatide bid group had mean weight 

loss in contrast with those in the insulin group who had mean 

weight gain (difference: P , 0.0001) and the exenatide bid 

group had a lower incidence of hypoglycemia (P , 0.0001) 

than the insulin group during the study.

Resource use
Antidiabetes medication
In the exenatide bid cohort, most patients (91.1%) 

were initiated on a dosage of 10 µg/day, with 8.1% of 

patients initiated on exenatide bid 20 µg/day. At the 24-month 

visit, 393 patients had discontinued exenatide bid; of these, 

ten patients (2.5% of discontinuers) did not start anything 

else during the study, 373 (94.9%) started an (additional) 

OAD medication, 53 (13.5%) started liraglutide (a GLP-1 

receptor agonist approved following commencement of the 

study), and 283 (72.0%) started insulin. Of those who did 

not discontinue, the mean (SD) daily dose of exenatide bid 

was 16.18 (4.88) µg/day at 24 months (Table 2). Throughout 

the study, 15 patients added insulin to their exenatide bid 

regimen.

Of the 1274 eligible patients in the insulin cohort, 49.2% 

initiated insulin with basal only insulin, 24.5% initiated 

mixtures, 13.7% initiated a basal-bolus regimen, and 11.5% 

initiated short-acting insulin only (1.1% other; Table 1), 

although there was between-country variability. The mean 

overall (mean range across all insulin regimens) daily dose of 

insulin therapy at baseline was 25.04 (15.40–46.09) IU. Over 

the 24-month study, 155 patients discontinued their initial 

insulin; 18 of these patients (11.6% of discontinuers) did not 

start anything else during the study, 20 (12.9%) started an 

(additional) OAD medication, and eleven (7.1%) started a 

GLP-1 receptor agonist (liraglutide). At 24 months, 21.4% of 

patients were taking basal-bolus therapy, 27.8% of patients 

were receiving basal only insulin regimens, 3.7% of patients 

were receiving short-acting only insulin regimens, and 19.9% 

of patients were using only mixtures. Across all countries, 

the mean (range across the different insulin regimens) daily 

insulin dose at 24 months was 40.78 (23.59–67.57) IU, with 

the lowest and highest average daily doses observed among 

patients using long-acting and other regimens, respectively. 

Across the different regimens, insulin doses increased 

by 21.0% (46.09 IU/day to 55.78 IU/day) for basal-bolus 

regimens, 33.0% (33.75 IU/day to 44.88 IU/day) for mixtures, 

41.7% (21.28 IU/day to 30.15 IU/day) for short-acting 

regimens, 53.2% (15.40 IU/day to 23.59 IU/day) for long-

acting regimens, and 67.1% (40.43 IU/day to 67.57 IU/day, 

other insulin regimens) from baseline to 24 months.

Overall, 95.5% of patients in the exenatide bid cohort 

and 76.7% of patients in the insulin cohort used at least 

one OAD agent over the 24-month observation period. 

At baseline, 86.1% of patients initiating exenatide bid 

used metformin or a combination of metformin with a 

sulfonylurea or thiazolidinedione. The corresponding 

proportion of patients using metformin in the insulin cohort 

Table 2 Mean daily dose of injectable therapy and the percentages of patients using oral antidiabetes drug medication

Exenatide bid, μg/day 
(number of patients 
providing data)

Insulin/total, IU/day 
(number of patients 
providing data)

Any OAD ($1), % (n) (number of patients 
providing data)

Baseline 24 m Baseline 24 m Exenatide cohort Insulin cohort

Baseline 24 m Baseline 24 m

Overall 10.77 (1104) 16.18 (557) 25.04 (1274) 40.78 (966) 93.2 (1114) 89.2 (873) 73.9 (1274) 70.3 (1025)
Belgium 10.27 (110) 16.83 (71) 37.59 (163) 43.16 (131) 99.1 (116) 91.2 (102) 74.2 (163) 68.3 (139)
Denmark 11.28 (43) 18.57 (7) 25.44 (16) 61.00 (5) 93.0 (43) 100.0 (20) 75.0 (16) 66.7 (6)
France 11.15 (165) 15.40 (75) 20.58 (84) 28.46 (52) 97.0 (168) 87.8 (115) 89.3 (84) 73.3 (60)
Germany 10.57 (383) 16.82 (203) 21.87 (438) 38.01 (339) 92.7 (384) 87.8 (327) 75.3 (438) 72.4 (369)
Greece 11.03 (319) 15.53 (159) 26.29 (488) 45.22 (375) 90.6 (319) 92.6 (244) 68.2 (488) 66.8 (383)
Sweden 10.24 (84) 15.36 (42) 14.47 (85) 32.94 (64) 89.3 (84) 80.0 (65) 82.4 (85) 80.9 (68)

Abbreviations: m, months; OAD, oral antidiabetes drug.
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Table 3 Resource use in patients with type 2 diabetes mellitus receiving exenatide bid or insulin therapy by country

Exenatide bid Insulin

Baseline 0–6 m 6–12 m 12–18 m 18–24 m 0–24 m Baseline 0–6 m 6–12 m 12–18 m 18–24 m 0–24 m

Use of SMBG (all countries), % 
of patients (number of patients 
with data)

80.0 
(n = 1110)

91.0 
(n = 986)

92.4 
(n = 935)

90.5 
(n = 850)

90.6 
(n = 823)

NA 80.6 
(n = 1271)

98.7 
(n = 1164)

99.0 
(n = 1088)

98.2 
(n = 1012)

98.7 
(n = 987)

NA

SMBG, mean (SD) test strips 
used per week (overall number 
of patients with data)a

(n = 1107) (n = 978) (n = 931) (n = 847) (n = 818) (n = 1265) (n = 1159) (n = 1082) (n = 1009) (n = 984)

 Overall 7.4 (8.0) 7.6 (6.6) 7.8 (7.2) 8.1 (7.4) 7.8 (7.3) NA 8.0 (8.7) 13.0 (8.5) 12.9 (8.7) 13.1 (8.7) 13.0 (8.8) NA
 Belgium 2.4 (5.8) 6.4 (6.2) 5.1 (4.5) 6.9 (6.4) 6.6 (6.1) NA 3.2 (6.8) 14.0 (9.6) 14.0 (9.5) 14.4 (10.2) 15.5 (10.0) NA
 Denmark 2.8 (4.8) 3.8 (4.8) 4.9 (5.2) 3.9 (5.5) 3.9 (5.4) NA 6.1 (8.2) 13.8 (9.7) 15.2 (8.5) 16.1 (13.0) 20.3 (12.8) NA
 France 10.2 (7.8) 12.3 (8.3) 12.9 (8.5) 12.5 (6.9) 10.8 (7.2) NA 11.7 (9.1) 13.9 (8.3) 15.6 (7.7) 14.5 (7.0) 14.2 (7.3) NA
 Germany 9.4 (9.4) 7.5 (7.0) 8.5 (8.4) 9.1 (9.1) 8.9 (9.1) NA 10.5 (10.2) 17.7 (8.9) 17.7 (9.1) 17.4 (8.9) 17.3 (9.0) NA
 Greece 6.6 (6.5) 7.2 (4.6) 7.1 (4.3) 7.2 (4.5) 6.9 (4.6) NA 6.8 (6.6) 9.0 (4.8) 8.9 (5.2) 9.4 (5.5) 9.1 (5.3) NA
 Sweden 4.4 (4.4) 3.6 (3.0) 3.7 (5.4) 3.1 (3.5) 3.4 (3.7) NA 7.0 (7.3) 7.4 (6.9) 6.4 (6.7) 7.2 (7.9) 6.4 (6.9) NA
Consultations with HCPs 
(all countries), mean (SD) visits 
per 6-month period (overall 
number of patients with primary 
care, secondary care data)

(n = 1089, 1093) (n = 1028, 1033) (n = 912, 914) (n = 841, 845) (n = 810, 814) (n = 1033, 1037) (n = 1261, 1267) (n = 1204, 1206) (n = 1075, 1077) (n = 1009, 1013) (n = 974, 976) (n = 1211, 1212)

 Primary care HCPs 3.1 (5.7) 2.8 (5.5) 2.0 (3.5) 2.1 (4.5) 2.4 (6.7) 8.2 (14.4) 3.5 (7.0) 4.5 (14.8) 2.9 (7.6) 2.8 (6.2) 3.0 (6.4) 11.8 (28.5)
 Specialist care HCPs 4.6 (4.0) 4.7 (4.1) 3.2 (3.1) 3.1 (3.0) 3.4 (3.1) 12.7 (10.3) 4.9 (4.7) 6.6 (6.7) 3.4 (3.5) 3.4 (3.8) 3.8 (4.6) 15.5 (14.9)
All consultations with HCPs, 
mean (SD) visits per 6-month 
period (overall number of 
patients with data)

(n = 1091) (n = 1033) (n = 914) (n = 845) (n = 814) (n = 1037) (n = 1267) (n = 1206) (n = 1077) (n = 1013) (n = 976) (n = 1212)

 Overall 7.8 (7.5) 7.5 (7.3) 5.2 (5.0) 5.3 (5.8) 5.8 (7.8) 20.8 (19.8) 8.4 (9.1) 11.0 (16.7) 6.4 (8.8) 6.2 (7.9) 6.8 (8.9) 27.3 (34.5)
 Belgium 6.4 (4.1) 5.9 (5.8) 4.1 (3.3) 5.2 (10.8) 5.6 (10.8) 18.3 (26.2) 8.1 (14.8) 12.4 (28.4) 5.8 (9.6) 5.1 (6.0) 6.8 (9.7) 26.5 (41.6)
 Denmark 6.1 (4.0) 5.5 (4.1) 2.8 (2.4) 2.4 (2.7) 2.9 (3.0) 10.6 (6.9) 8.3 (10.2) 13.6 (12.0) 5.7 (5.1) 5.9 (5.4) 6.5 (4.8) 23.4 (21.6)
 France 7.4 (11.3) 6.7 (11.7) 5.3 (7.4) 5.0 (4.0) 6.6 (15.2) 18.7 (25.3) 8.4 (7.5) 17.6 (39.6) 11.5 (21.9) 11.7 (19.4) 9.4 (14.0) 42.2 (78.9)
 Germany 12.0 (7.3) 11.4 (6.2) 7.7 (4.7) 7.8 (5.4) 8.3 (5.6) 32.4 (17.8) 12.5 (8.3) 16.2 (10.4) 10.0 (8.1) 9.7 (7.9) 10.7 (10.0) 42.4 (31.3)
 Greece 4.4 (4.3) 4.5 (4.6) 3.1 (3.4) 3.0 (2.7) 3.2 (2.7) 12.3 (10.7) 5.0 (6.2) 4.9 (4.8) 2.9 (2.7) 2.8 (2.6) 3.3 (4.8) 12.6 (11.8)
 Sweden 5.2 (3.4) 5.7 (4.6) 4.1 (3.2) 3.4 (2.5) 3.4 (3.1) 14.5 (9.3) 7.1 (5.4) 9.8 (6.9) 4.4 (3.9) 4.9 (4.1) 4.7 (4.1) 21.9 (12.0)
Hospital visits (overall number 
of patients with data)

(n = 1093) (n = 1033) (n = 914) (n = 845) (n = 814) (n = 1037) (n = 1267) (n = 1206) (n = 1077) (n = 1013) (n = 976) (n = 1212)

 n (%) with ER visit, overall 31 (2.8) 36 (3.5) 17 (1.9) 11 (1.3) 12 (1.5) 68 (6.6) 72 (5.7) 45 (3.7) 35 (3.2) 30 (3.0) 23 (2.4) 113 (9.3)
  Belgium 4 (3.5) 2 (1.8) 0 (0.0) 0 (0.0) 2 (2.2) 4 (3.6) 16 (9.9) 12 (7.6) 7 (5.2) 4 (3.2) 4 (3.2) 24 (15.1)
  Denmark 1 (2.3) 2 (5.1) 0 (0.0) 1 (4.0) 1 (5.3) 4 (10.3) 3 (18.8) 2 (14.3) 1 (10.0) 0 (0.0) 0 (0.0) 3 (21.4)
  France 4 (2.4) 7 (4.5) 6 (4.7) 2 (1.9) 2 (1.9) 14 (9.0) 3 (3.6) 1 (1.3) 2 (3.2) 1 (1.8) 2 (3.7) 5 (6.6)
  Germany 5 (1.4) 10 (2.9) 3 (0.9) 0 (0.0) 1 (0.3) 14 (4.0) 9 (2.1) 9 (2.2) 11 (2.9) 11 (3.1) 7 (2.0) 31 (7.5)
  Greece 11 (3.5) 12 (4.0) 6 (2.2) 7 (2.8) 3 (1.3) 24 (8.0) 32 (6.6) 16 (3.5) 10 (2.4) 11 (2.8) 6 (1.6) 39 (8.4)
  Sweden 6 (7.1) 3 (3.7) 2 (2.9) 1 (1.6) 3 (4.8) 8 (9.9) 9 (10.6) 5 (6.2) 4 (5.4) 3 (4.4) 4 (5.9) 11 (13.6)
 n (%) with hospitalization, overall 52 (4.8) 23 (2.2) 15 (1.6) 3 (0.4) 10 (1.2) 48 (4.6) 81 (6.4) 59 (4.9) 19 (1.8) 21 (2.1) 14 (1.4) 99 (8.2)
  Belgium 4 (3.5) 3 (2.7) 3 (3.2) 0 (0.0) 3 (3.3) 9 (8.1) 17 (10.5) 28 (17.7) 4 (3.0) 5 (4.0) 4 (3.2) 38 (23.9)
  Denmark 0 (0.0) 0 (0.0) 1 (3.3) 0 (0.0) 1 (5.3) 2 (5.1) 4 (25.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
  France 27 (16.3) 11 (7.1) 6 (4.7) 3 (2.9) 2 (1.9) 19 (12.2) 15 (17.9) 6 (8.0) 4 (6.5) 1 (1.8) 1 (1.9) 11 (14.5)
  Germany 5 (1.4) 3 (0.9) 2 (0.6) 0 (0.0) 2 (0.7) 7 (2.0) 8 (1.9) 4 (1.0) 4 (1.1) 5 (1.4) 3 (0.9) 12 (2.9)
  Greece 12 (3.8) 4 (1.3) 1 (0.4) 0 (0.0) 0 (0.0) 5 (1.7) 32 (6.6) 16 (3.5) 5 (1.2) 9 (2.3) 5 (1.3) 30 (6.4)
  Sweden 4 (4.8) 2 (2.5) 2 (2.9) 0 (0.0) 2 (3.2) 6 (7.4) 5 (5.9) 5 (6.2) 2 (2.7) 1 (1.5) 1 (1.5) 8 (9.9)

Note: aMean use over the 4 weeks before the end-of-period visit by all patients including those who did not monitor blood glucose levels.
Abbreviations: ER, emergency room; HCP, health care professional; m, months; NA, not applicable; SD, standard deviation; SMBG, self-monitoring blood glucose.

was 64.8%. Use of sulfonylureas fluctuated throughout the 

study in both patient cohorts, while an increase in dipeptidyl 

peptidase-4 inhibitor use was observed in both cohorts, 

although the proportion of users was no more than 5.5% 

among exenatide bid and 2.9% among insulin starters at 

any point during the study.

Concomitant medication
The proportion of patients in the exenatide bid and insulin 

cohorts receiving non-antihyperglycemic concomitant 

medications was 87.7% and 85.2%, respectively, at 

baseline and ranged from 88.4% to 90.7% and 87.7% to 

89.7%, respectively, during each 6-month period after 
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Table 3 Resource use in patients with type 2 diabetes mellitus receiving exenatide bid or insulin therapy by country

Exenatide bid Insulin

Baseline 0–6 m 6–12 m 12–18 m 18–24 m 0–24 m Baseline 0–6 m 6–12 m 12–18 m 18–24 m 0–24 m

Use of SMBG (all countries), % 
of patients (number of patients 
with data)

80.0 
(n = 1110)

91.0 
(n = 986)

92.4 
(n = 935)

90.5 
(n = 850)

90.6 
(n = 823)

NA 80.6 
(n = 1271)

98.7 
(n = 1164)

99.0 
(n = 1088)

98.2 
(n = 1012)

98.7 
(n = 987)

NA

SMBG, mean (SD) test strips 
used per week (overall number 
of patients with data)a

(n = 1107) (n = 978) (n = 931) (n = 847) (n = 818) (n = 1265) (n = 1159) (n = 1082) (n = 1009) (n = 984)

 Overall 7.4 (8.0) 7.6 (6.6) 7.8 (7.2) 8.1 (7.4) 7.8 (7.3) NA 8.0 (8.7) 13.0 (8.5) 12.9 (8.7) 13.1 (8.7) 13.0 (8.8) NA
 Belgium 2.4 (5.8) 6.4 (6.2) 5.1 (4.5) 6.9 (6.4) 6.6 (6.1) NA 3.2 (6.8) 14.0 (9.6) 14.0 (9.5) 14.4 (10.2) 15.5 (10.0) NA
 Denmark 2.8 (4.8) 3.8 (4.8) 4.9 (5.2) 3.9 (5.5) 3.9 (5.4) NA 6.1 (8.2) 13.8 (9.7) 15.2 (8.5) 16.1 (13.0) 20.3 (12.8) NA
 France 10.2 (7.8) 12.3 (8.3) 12.9 (8.5) 12.5 (6.9) 10.8 (7.2) NA 11.7 (9.1) 13.9 (8.3) 15.6 (7.7) 14.5 (7.0) 14.2 (7.3) NA
 Germany 9.4 (9.4) 7.5 (7.0) 8.5 (8.4) 9.1 (9.1) 8.9 (9.1) NA 10.5 (10.2) 17.7 (8.9) 17.7 (9.1) 17.4 (8.9) 17.3 (9.0) NA
 Greece 6.6 (6.5) 7.2 (4.6) 7.1 (4.3) 7.2 (4.5) 6.9 (4.6) NA 6.8 (6.6) 9.0 (4.8) 8.9 (5.2) 9.4 (5.5) 9.1 (5.3) NA
 Sweden 4.4 (4.4) 3.6 (3.0) 3.7 (5.4) 3.1 (3.5) 3.4 (3.7) NA 7.0 (7.3) 7.4 (6.9) 6.4 (6.7) 7.2 (7.9) 6.4 (6.9) NA
Consultations with HCPs 
(all countries), mean (SD) visits 
per 6-month period (overall 
number of patients with primary 
care, secondary care data)

(n = 1089, 1093) (n = 1028, 1033) (n = 912, 914) (n = 841, 845) (n = 810, 814) (n = 1033, 1037) (n = 1261, 1267) (n = 1204, 1206) (n = 1075, 1077) (n = 1009, 1013) (n = 974, 976) (n = 1211, 1212)

 Primary care HCPs 3.1 (5.7) 2.8 (5.5) 2.0 (3.5) 2.1 (4.5) 2.4 (6.7) 8.2 (14.4) 3.5 (7.0) 4.5 (14.8) 2.9 (7.6) 2.8 (6.2) 3.0 (6.4) 11.8 (28.5)
 Specialist care HCPs 4.6 (4.0) 4.7 (4.1) 3.2 (3.1) 3.1 (3.0) 3.4 (3.1) 12.7 (10.3) 4.9 (4.7) 6.6 (6.7) 3.4 (3.5) 3.4 (3.8) 3.8 (4.6) 15.5 (14.9)
All consultations with HCPs, 
mean (SD) visits per 6-month 
period (overall number of 
patients with data)

(n = 1091) (n = 1033) (n = 914) (n = 845) (n = 814) (n = 1037) (n = 1267) (n = 1206) (n = 1077) (n = 1013) (n = 976) (n = 1212)

 Overall 7.8 (7.5) 7.5 (7.3) 5.2 (5.0) 5.3 (5.8) 5.8 (7.8) 20.8 (19.8) 8.4 (9.1) 11.0 (16.7) 6.4 (8.8) 6.2 (7.9) 6.8 (8.9) 27.3 (34.5)
 Belgium 6.4 (4.1) 5.9 (5.8) 4.1 (3.3) 5.2 (10.8) 5.6 (10.8) 18.3 (26.2) 8.1 (14.8) 12.4 (28.4) 5.8 (9.6) 5.1 (6.0) 6.8 (9.7) 26.5 (41.6)
 Denmark 6.1 (4.0) 5.5 (4.1) 2.8 (2.4) 2.4 (2.7) 2.9 (3.0) 10.6 (6.9) 8.3 (10.2) 13.6 (12.0) 5.7 (5.1) 5.9 (5.4) 6.5 (4.8) 23.4 (21.6)
 France 7.4 (11.3) 6.7 (11.7) 5.3 (7.4) 5.0 (4.0) 6.6 (15.2) 18.7 (25.3) 8.4 (7.5) 17.6 (39.6) 11.5 (21.9) 11.7 (19.4) 9.4 (14.0) 42.2 (78.9)
 Germany 12.0 (7.3) 11.4 (6.2) 7.7 (4.7) 7.8 (5.4) 8.3 (5.6) 32.4 (17.8) 12.5 (8.3) 16.2 (10.4) 10.0 (8.1) 9.7 (7.9) 10.7 (10.0) 42.4 (31.3)
 Greece 4.4 (4.3) 4.5 (4.6) 3.1 (3.4) 3.0 (2.7) 3.2 (2.7) 12.3 (10.7) 5.0 (6.2) 4.9 (4.8) 2.9 (2.7) 2.8 (2.6) 3.3 (4.8) 12.6 (11.8)
 Sweden 5.2 (3.4) 5.7 (4.6) 4.1 (3.2) 3.4 (2.5) 3.4 (3.1) 14.5 (9.3) 7.1 (5.4) 9.8 (6.9) 4.4 (3.9) 4.9 (4.1) 4.7 (4.1) 21.9 (12.0)
Hospital visits (overall number 
of patients with data)

(n = 1093) (n = 1033) (n = 914) (n = 845) (n = 814) (n = 1037) (n = 1267) (n = 1206) (n = 1077) (n = 1013) (n = 976) (n = 1212)

 n (%) with ER visit, overall 31 (2.8) 36 (3.5) 17 (1.9) 11 (1.3) 12 (1.5) 68 (6.6) 72 (5.7) 45 (3.7) 35 (3.2) 30 (3.0) 23 (2.4) 113 (9.3)
  Belgium 4 (3.5) 2 (1.8) 0 (0.0) 0 (0.0) 2 (2.2) 4 (3.6) 16 (9.9) 12 (7.6) 7 (5.2) 4 (3.2) 4 (3.2) 24 (15.1)
  Denmark 1 (2.3) 2 (5.1) 0 (0.0) 1 (4.0) 1 (5.3) 4 (10.3) 3 (18.8) 2 (14.3) 1 (10.0) 0 (0.0) 0 (0.0) 3 (21.4)
  France 4 (2.4) 7 (4.5) 6 (4.7) 2 (1.9) 2 (1.9) 14 (9.0) 3 (3.6) 1 (1.3) 2 (3.2) 1 (1.8) 2 (3.7) 5 (6.6)
  Germany 5 (1.4) 10 (2.9) 3 (0.9) 0 (0.0) 1 (0.3) 14 (4.0) 9 (2.1) 9 (2.2) 11 (2.9) 11 (3.1) 7 (2.0) 31 (7.5)
  Greece 11 (3.5) 12 (4.0) 6 (2.2) 7 (2.8) 3 (1.3) 24 (8.0) 32 (6.6) 16 (3.5) 10 (2.4) 11 (2.8) 6 (1.6) 39 (8.4)
  Sweden 6 (7.1) 3 (3.7) 2 (2.9) 1 (1.6) 3 (4.8) 8 (9.9) 9 (10.6) 5 (6.2) 4 (5.4) 3 (4.4) 4 (5.9) 11 (13.6)
 n (%) with hospitalization, overall 52 (4.8) 23 (2.2) 15 (1.6) 3 (0.4) 10 (1.2) 48 (4.6) 81 (6.4) 59 (4.9) 19 (1.8) 21 (2.1) 14 (1.4) 99 (8.2)
  Belgium 4 (3.5) 3 (2.7) 3 (3.2) 0 (0.0) 3 (3.3) 9 (8.1) 17 (10.5) 28 (17.7) 4 (3.0) 5 (4.0) 4 (3.2) 38 (23.9)
  Denmark 0 (0.0) 0 (0.0) 1 (3.3) 0 (0.0) 1 (5.3) 2 (5.1) 4 (25.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
  France 27 (16.3) 11 (7.1) 6 (4.7) 3 (2.9) 2 (1.9) 19 (12.2) 15 (17.9) 6 (8.0) 4 (6.5) 1 (1.8) 1 (1.9) 11 (14.5)
  Germany 5 (1.4) 3 (0.9) 2 (0.6) 0 (0.0) 2 (0.7) 7 (2.0) 8 (1.9) 4 (1.0) 4 (1.1) 5 (1.4) 3 (0.9) 12 (2.9)
  Greece 12 (3.8) 4 (1.3) 1 (0.4) 0 (0.0) 0 (0.0) 5 (1.7) 32 (6.6) 16 (3.5) 5 (1.2) 9 (2.3) 5 (1.3) 30 (6.4)
  Sweden 4 (4.8) 2 (2.5) 2 (2.9) 0 (0.0) 2 (3.2) 6 (7.4) 5 (5.9) 5 (6.2) 2 (2.7) 1 (1.5) 1 (1.5) 8 (9.9)

Note: aMean use over the 4 weeks before the end-of-period visit by all patients including those who did not monitor blood glucose levels.
Abbreviations: ER, emergency room; HCP, health care professional; m, months; NA, not applicable; SD, standard deviation; SMBG, self-monitoring blood glucose.

initiation of injectable therapy. Approximately 80% 

(79.3%–83.4%) of patients in the exenatide bid group 

received cardiovascular medication throughout the 

observation period (77.2% at baseline), and use among 

insulin patients ranged from 76.8% to 79.3% during this 

period (74.0% at baseline).

SMBG
The overall percentage of patients using blood glucose 

monitoring, around 80% in both cohorts at baseline, reached 

90.6% in patients initiating exenatide bid and 98.7% in 

patients initiating insulin therapy 18–24 months post baseline 

(Table 3). The mean (SD) number of strips used per week 
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in the insulin cohort was 8.0 (8.7) at baseline and 13.0 (8.8) 

during the 4 weeks before the 24-month visit. In the exenatide 

bid cohort, the mean number of strips used per week was 7.4 

(8.0) at baseline and 7.8 (7.3) during the 4 weeks before the 

24-month visit.

HCP contacts
In the exenatide bid cohort, the percentage of patients 

visiting or consulting HCPs was .97% both before and after 

treatment initiation in all countries except Greece, where 

it was 87.4% at baseline and 92.7% after initiation. The 

mean number of contacts with HCPs throughout the study, 

for all countries and by country, is reported in Table 3 and 

Figure 1A; Denmark had the fewest mean (SD) contacts over 

the entire 24-month observation period (10.6 [6.9]). The 

highest 24-month mean (SD) HCP utilization was observed 

in Germany (32.4 [17.8]).

In the insulin cohort, the percentage of patients consulting 

HCPs ranged from 87.9% in Greece to 100% in Denmark 

before initiation and from 92.7% in Greece to 100% in 

Denmark, France, Germany, and Sweden after insulin 

initiation. The mean number of visits or consultations with 

HCPs following insulin initiation in all countries and by 

country is reported in Table 3 and Figure 1B. The greatest 

decline in mean HCP contacts from baseline to 24 months 

was observed in Greece and Sweden (Table 3), which also 

reported the lowest 24-month mean (SD) numbers of visits, 

with 12.6 (11.8) and 21.9 (12.0) visits, respectively, during 

this period. The highest 24-month mean (SD) number of 

contacts was 42.4 (31.3) in Germany and 42.2 (78.9) in 

France (Table 3).

Hospitalizations
During the 6 months prior to initiating injectable treatment, 

the percentage of patients with at least one diabetes-related 

hospitalization was 4.8% in the exenatide bid cohort and 

6.4% in the insulin cohort across all countries. During the 

18–24-month period, hospital admission rates in both cohorts 

were 1.2% and 1.4%, respectively (Table 3).

The proportion of patients who reported visiting the 

ER across all countries in the 6 months prior to baseline 

was 2.8% and 5.7% in exenatide bid and insulin cohorts, 

respectively. In both groups, visits to the ER were 1.5% and 

2.4%, respectively, during the 6-month period preceding the 

24-month study visit (Table 3).

Costs
Total direct costs comprised costs of T2DM medications, self-

testing strips, and contacts with HCPs and hospitalizations 

(Figure 2 and Table 4).

In the exenatide bid cohort and across all countries, the 

total mean health care costs over the 24 months post baseline 

were €3997.9 per patient, of which €2206.0 (55.2%) was 

the cost of injectable therapy, mainly exenatide bid. In the 

insulin cohort, the total 24-month cost was €3265.5, of which 

injectable therapy accounted for €800.0 (24.5%). The mean 

24-month direct cost of OAD medications, SMBG, HCP 

consultations, hospitalization, and ER visits made up the 

remaining €1791.9 in the exenatide bid cohort and €2465.5 in 

the insulin cohort; the largest contributor to these costs was 

SMBG in both cohorts, which accounted for €561.8 (14.1% 

of total costs) and €975.3 (29.9%) in the exenatide bid and 

insulin groups, respectively. Nearly one-half (47.9%) of the 

higher cost of injectable therapy in the exenatide bid cohort 

(€1406) was offset by the lower cost of other medical costs, 

resulting in an overall excess cost of €732.4 for the exenatide 

bid cohort compared with the insulin cohort during the 

24-month follow-up period (€366.2/year).
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Figure 1 Mean number of health care professional contacts per 6 months by country 
during treatment with (A) exenatide bid or (B) insulin therapy in clinical practice.
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Table 4 Mean direct medical cost (€) per patient receiving exenatide bid or insulin therapy in clinical practice

Direct costs Exenatide bid Insulin

6 m prior to baseline 24 m post baseline 6 m prior to baseline 24 m post baseline
Total (initiators) population n =	1114 n = 1114 n = 1274 n = 1274
Total direct cost 661.8 3997.9 753.6 3265.5
 Injectable antidiabetes medication 0.0 2206.0 0.00 800.0
 Oral antidiabetes medication 187.3 441.4 179.4 283.3
 Blood glucose monitoring 127.5 561.8 142.3 975.3
 HCP consultations 196.3 558.0 188.7 623.6
 Hospitalization and ER 150.7 230.7 243.3 583.3
Matched cohorts n = 619 n = 619 n = 619 n = 619
Total direct cost 632.3 4069.2 685.1 3402.4
 Injectable antidiabetes medication 0.0 2243.1 0.0 839.6
 Oral antidiabetes medication 180.5 409.4 181.0 315.1
 Blood glucose monitoring 128.3 568.5 138.9 973.4
 HCP consultations 201.6 586.8 204.2 679.1
 Hospitalization and ER 121.9 261.4 161.0 595.3

Abbreviations: ER, emergency room; HCP, health care professional; m, months.

The mean direct cost of treating T2DM across all countries 

in the 6 months prior to the initiation of injectable therapy was 

€661.8 in the exenatide bid group and €753.6 in the insulin 

group. Mean direct costs in the 6-month period after the 

initiation of first injectable therapy are presented in Figure 2. 

The mean direct cost in the insulin cohort reached €975.4 in 

the 6-month period following initiation, but it was between 

€715 and €803 thereafter (Figure 2). Notably the mean cost 

of SMBG was €142.3 during the 6 months prior to insulin 

initiation and €245.1 during the first 6-month post insulin 

initiation period; respective mean costs of health service 

utilization (hospitalization and ER visits) were €243.3 and 

€274.4. Mean costs due to SMBG remained higher than €240.0 

until the end of the 24-month study period (Figure 2).

Table 5 shows that when controlling for baseline direct 

cost and patients and disease characteristics, direct mean 
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Table 5 Analysis of covariance for direct medical cost per patient per 6 months during treatment with exenatide bid or insulin in 
patients with type 2 diabetes mellitus

Country Cost (€) per patient per 6 m, LS mean (95% CI)

Exenatide bid Insulin Difference

Germany 1005.7 (939.9; 1071.5) 963.4 (905.2; 1021.6) 42.3 (−47.9; 132.4)
Denmark 824.8 (640.8; 1008.7) 1093.6 (782.7; 1404.4) −268.8 (−631.5; 94.0)
Belgium 946.7 (834.7; 1058.8) 1028.7 (932.5; 1124.9) −82.0 (−230.5; 66.6)
Greece 931.3 (861.3; 1001.3) 539.0 (480.4; 597.6) 392.3 (298.1; 486.5)
Sweden 1114.6 (982.8; 1246.4) 910.2 (778.8; 1041.6) 204.4 (18.6; 390.2)
France 1001.9 (907.8; 1096.0) 731.2 (597.0; 865.3) 270.8 (105.5; 436.0)
Overall 970.8 (921.3; 1020.4) 877.7 (811.6; 943.7) 93.2 (7.7; 178.6)
Analysis of covariance Observations used = 2357 

Factors 
 Country, P , 0.0001 
 Treatment, P = 0.0326 
 Country by treatment, P , 0.0001 
Covariate 
 Cost 6 months prior to injectable initiation, P , 0.0001 
 Propensity score, P = 0.9855

Abbreviations: CI, confidence interval; LS, least square; m, months.

costs differed by country (P , 0.0001) irrespective of the 

treatment initiated, and that the mean cost difference between 

treatments varied by country (P , 0.0001). The increased 

cost of exenatide bid compared with insulin was greatest in 

France, Greece, and Sweden (Table 5). The differences found 

in Belgium, Denmark, and Germany were not statistically 

significant.

An analysis of cost data using the matched subpopulation 

(across countries) showed that the longitudinal patterns 

remained the same. The 24-month mean cost in this 

subpopulation was €4069.2 in the exenatide bid group and 

€3402.4 in the insulin group (Table 4).

Discussion
This paper presents the results of health service resource 

use and costs incurred when patients initiated exenatide 

bid or insulin as their first injectable antidiabetes therapy 

across six European countries. The findings are relevant as 

supplementary information for health service administrators, 

clinical guideline development, and reimbursement 

authorities.

The authors believe that the differences in resource 

use identified at baseline reflect differences in patient and 

disease state characteristics that are relevant to the choice 

of injectable therapy and, to some extent, the content of 

the product label. The high proportion of patients receiving 

OAD medication at baseline in the exenatide bid compared 

with the insulin cohort is likely mainly explained by label 

restrictions, which indicate that exenatide bid should be 

initiated after failure of OAD, and in combination with 

metformin, sulfonylurea, and/or thiazolidinedione therapy. 

This baseline difference was carried over the entire 24-month 

observation period.

The proportion of patients who reported monitoring their 

blood glucose level, a common component of standard care 

at the time of the study, was similar and rather high in both 

cohorts at baseline and increased, as expected, after the new 

therapy was initiated. The proportion of patients continuing 

monitoring over 24 months remained high in both treatment 

cohorts; this may reflect the increase in basal insulin dose and 

inclusion of a prandial component in the regimen of some 

patients in the insulin cohort over the course of the study. The 

high baseline level of blood glucose monitoring is interesting 

given the results of recent systematic reviews questioning 

the value of this practice in patients not receiving insulin.23,24 

The findings may have been due to inadequate glycemic 

control in these patients and could have contributed to 

physicians’ willingness to change the antidiabetes treatment 

of their patients. Moreover, enrollment into the observational 

study itself and the fact that the study was predominantly 

(88.0%) performed by secondary care physicians (mainly 

diabetologists) familiar with blood glucose monitoring might 

have impacted the use of SMBG both before and during the 

study period.

Somewhat higher baseline values for the mean number 

of HCP contacts and proportions of patients who had been 

hospitalized or visited ER in the 6-month period preceding 

the baseline visit were observed in patients initiating insulin 

therapy compared with exenatide bid. This is likely a 

reflection of the longer time since diagnosis, higher mean 
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age, and, hence, more severe state of the disease, including 

a higher prevalence of both micro- and macrovascular 

complications, among patients in the insulin cohort (Table 1). 

One very clear difference in resource use patterns after 

initiation of injectable therapy was an initial increase in 

HCP visits in the insulin cohort but not in the exenatide bid 

cohort. This could relate to two things: the need to adjust 

insulin dosage and an increase in the proportion of patients 

reporting hypoglycemic events 6 months post initiation. After 

the initial peak, however, the mean number of HCP contacts 

declined to below baseline levels in the insulin cohort, but 

remained higher than in patients who initiated exenatide 

bid. This pattern was similar in all countries except Greece, 

which also had the lowest baseline number of HCP visits 

at baseline, and demonstrates that the therapeutic choice 

may impose clear further burden on health care services. 

The higher level of HCP contact in the insulin cohort, when 

compared with the exenatide bid cohort, however, may be 

partly due to the higher age and longer duration of diabetes 

in the insulin cohort.

Results from cost analyses show that, from the health 

service point of view, it is important to consider wider 

resource use impact when assessing therapeutic options 

and their availability. In this case for exenatide bid and 

insulin, a large proportion of the higher cost of exenatide 

bid therapy is compensated for by lower costs related 

to other health service utilization. Moreover, it is worth 

noting that 2 years of follow-up is likely not long enough 

to fully capture treatment costs of long-term complications 

of T2DM or to understand the impact of (mean) weight 

loss observed with exenatide bid versus weight gain with 

insulin.

Another important finding of this analysis is that mean 

costs varied significantly across countries. The authors 

believe that this variation was also in patterns of how the 

cost accumulated over time after initiation of therapy in 

each group. In some countries, 6-month mean costs over the 

24-month post injectable initiation period were not statistically 

significantly higher in the exenatide bid compared with the 

insulin cohort. This highlights the importance of caution 

in generalizing the resource use and cost implications of a 

particular therapy estimated in specific country settings.

Limitations
CHOICE was a prospective, observational (noninterventional) 

study and was therefore subject to the general limitations 

that can be associated with this type of study, including the 

unknown magnitude of observer effects, the potential for 

investigators to be influenced by the scrutiny that occurs 

during a prospective study, and the potential for selection 

bias. The inclusion of two treatment arms should have 

helped to reduce prescribing bias, as would the fact that 

patients were invited to participate in the study only after 

the clinical decision had been made that they would initiate 

exenatide bid or insulin. This inclusion criterion also 

avoided several additional problems identified with some 

observational studies.25,26 Nonrandom selection of patients 

who initiated exenatide bid or insulin is naturally a concern 

for comparisons between groups, although this does reflect 

the real-world usage of these drugs.

This paper reports only the resource use and cost 

implications of the therapeutic options under study, which 

provide a limited view. Any additional cost related to 

a therapy should be assessed against potential clinical 

benefits, which have been reported elsewhere.21 Furthermore, 

appropriate health technology assessment would necessarily 

involve modeling of the appropriate long-term costs, 

benefits, and risks typically associated with treatment of 

T2DM. As already noted, exenatide bid and insulin were 

the only injectable therapies available at the time the study 

was initiated. Exenatide once weekly and liraglutide have 

more recently been approved, and in clinical trials these 

agents appeared to have advantages over exenatide bid in 

terms of reductions in fasting plasma glucose levels and, to 

a lesser extent, HbA
1c

, although exenatide bid was better for 

regulating postprandial glucose levels than these comparator 

agents.27 However, no real-world resource use and cost data 

are currently available to compare these GLP-1 receptor 

agonists, and any differences will need to be addressed in 

future studies.

Finally, it is worth noting that the study was primarily 

conducted in secondary (specialist) care settings (88% of 

study physicians), which may have resulted in the proportion 

of secondary care HCP contacts during the follow-up period 

being higher than in typical clinical practice. Consequently, 

the proportion of HCP-related cost may be overestimated due 

to differences in unit costs between secondary and primary 

care services. As this affects both study cohorts equally, it 

is not likely a major source of bias with regard to relative 

costs.

Conclusion
Some of the higher costs of exenatide bid therapy compared 

with insulin therapy were compensated for by lower costs 

related to other health service utilization, reflecting the 

importance of considering wider resource use impact when 
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assessing therapeutic options and their availability. Costs 

associated with initiation of exenatide bid or insulin varied 

significantly across countries, with no statistically significant 

differences observed between these treatment options in some 

countries. This highlights the need to avoid generalization of 

the resource use and cost implications of a particular therapy 

when estimated in specific country settings.

Acknowledgments
The study and the development of this manuscript were 

sponsored by Eli Lilly and Amylin Pharmaceuticals, LLC. 

The authors would like to acknowledge Caroline Spencer (Rx 

Communications, Mold, UK) for medical writing assistance 

with the preparation of this article, funded by Eli Lilly.

Disclosure
Stephan Matthaei has received honoraria from Eli Lilly 

for lectures and consultancy. Bruno Guerci has received 

honoraria from Eli Lilly for consultancy. Urpo Kiiskinen, 

Matthew Reaney, Jacek Kiljański, Carole Salaun-Martin, 

and Hélène Sapin are employees of Eli Lilly: Urpo 

Kiiskinen, Jacek Kiljański, and Carole Salaun-Martin are 

holders of Eli Lilly shares and share options; Matthew 

Reaney and Hélène Sapin are not shareholders. Chantal 

Mathieu is an advisory board member for Lilly Belgium. 

Claes-Göran Östenson has received honoraria from Eli Lilly 

for consultancy. Thure Krarup is an advisory board member 

for Lilly Denmark. Michael Theodorakis reports no conflicts 

of interest in this work.

References
1. IDF Diabetes Atlas, 5th ed [homepage on the Internet]. Brussels: 

International Diabetes Federation; 2011 [updated November 14, 2012; 
cited October 8, 2012]. Available from: http://www.idf.org/diabetesatlas/. 
Accessed December 13, 2012.

2. Diabetes, fact sheet no. 312 [webpage on the Internet]. Geneva: World 
Health Organization; 2012 [updated Sep 2012]. Available from: http://
www.who.int/mediacentre/factsheets/fs312/en/index.html. Accessed 
December 13, 2012.

3. Centers for Disease Control and Prevention. Prevalence and incidence. 
In: 1999 Diabetes Surveillance Report. Atlanta, GA: US Department 
of Health and Human Services, Centers for Disease Control and 
Prevention; 2004.

4. Kanavos P, van den Aardweg S, Schurer W. Diabetes Expenditure, 
Burden of Disease and Management in 5 EU Countries. London: LSE 
Health, London School of Economics; 2012. Available from: http://
www2.lse.ac.uk/LSEHealthAndSocialCare/research/LSEHealth/MTRG/
LSEDiabetesReport26Jan2012.pdf. Accessed December 20, 2012.

5. Leonard DT. Comparative effectiveness and real-world evidence. Am J 
Manag Care. 2010;16(6):410–411.

6. Dreyer NA, Schneeweiss S, McNeil BJ, et al; GRACE Initiative. GRACE 
principles: recognizing high-quality observational studies of comparative 
effectiveness. Am J Manag Care. 2010;16(6):467–471.

7. Ware JH, Hamel MB. Pragmatic trials – guides to better patient care? 
N Engl J Med. 2011;364(18):1685–1687.

 8. Mann CJ. Observational research methods. Research design II: cohort, 
cross sectional, and case-control studies. Emerg Med J. 2003;20(1): 
54–60.

 9. Ligthelm RJ, Borzi V, Gumprecht J, Kawamori R, Wenying Y, 
Valensi P. Importance of observational studies in clinical practice. Clin 
Ther. 2007;29(Spec No):1284–1292.

 10. Barnett AH, Burger J, Johns D, et al. Tolerability and efficacy of 
exenatide and titrated insulin glargine in adult patients with type 2 
diabetes previously uncontrolled with metformin or a sulfonylurea: 
a multinational, randomized, open-label, two-period, crossover 
noninferiority trial. Clin Ther. 2007;29(11):2333–2348.

 11. Heine RJ, Van Gaal LF, Johns D, et al. Exenatide versus insulin glargine 
in patients with suboptimally controlled type 2 diabetes: a randomized 
trial. Ann Intern Med. 2005;143(8):559–569.

 12. Nauck MA, Duran S, Kim D, et al. A comparison of twice-daily 
exenatide and biphasic insulin aspart in patients with type 2 diabetes 
who were suboptimally controlled with sulfonylurea and metformin: 
a non-inferiority study. Diabetologia. 2007;50(2):259–267.

 13. Ray JA, Boye KS, Yurgin N, et al. Exenatide versus insulin glargine in 
patients with type 2 diabetes in the UK: a model of long-term clinical 
and cost outcomes. Curr Med Res Opin. 2007;23(3):609–622.

 14. Mittendorf T, Smith-Palmer J, Timlin L, Happich M, Goodall G. 
Evaluation of exenatide vs insulin glargine in type 2 diabetes: cost-
effectiveness analysis in the German setting. Diabetes Obes Metab. 
2009;11(11):1068–1079.

 15. Brandle M, Erny-Albrecht KM, Goodall G, Spinas GA, Streit P, 
Valentine WJ. Exenatide versus insulin glargine: a cost-effectiveness 
evaluation in patients with type 2 diabetes in Switzerland. Int J Clin 
Pharmacol Ther. 2009;47(8):501–515.

 16. Goodall G, Costi M, Timlin L, et al. [Cost-effectiveness of exenatide 
versus insulin glargine in Spanish patients with obesity and type 2 
diabetes mellitus]. Endocrinol Nutr. 2011;58(7):331–340. Spanish.

 17. Misurski D, Lage MJ, Fabunmi R, Boye KS. A comparison of costs among 
patients with type 2 diabetes mellitus who initiated therapy with exenatide or 
insulin glargine. Appl Health Econ Health Policy. 2009; 7(4):245–254.

 18. Pawaskar M, Zagar A, Sugihara T, Shi L. Healthcare resource utilization and 
costs assessment of type 2 diabetes patients initiating exenatide bid or glargine: 
a retrospective database analysis. J Med Econ. 2011; 14(1):16–27.

 19. Baser O, Wei W, Baser E, Xie L. Clinical and economic outcomes in 
patients with type 2 diabetes initiating insulin glargine disposable pen 
versus exenatide bid. J Med Econ. 2011;14(6):673–680.

 20. Matthaei S, Reaney M, Mathieu C, et al. Patients with type 2 diabetes 
initiating exenatide BID or insulin in clinical practice: CHOICE study. 
Diabetes Ther. 2012;3(1):6.

 21. Mathieu C, Östenson CG, Matthaei S, et al. Using exenatide twice daily 
or insulin in clinical practice: results from CHOICE. Diabetes Therapy. 
In press.

 22. Zinman B, Schmidt WE, Moses A, Lund N, Gough S. Achieving a 
clinically relevant composite outcome of an HbA1c of ,7% without 
weight gain or hypoglycaemia in type 2 diabetes: a meta-analysis 
of the liraglutide clinical trial programme. Diabetes Obes Metab. 
2012;14(1):77–82.

 23. Malanda UL, Welschen LM, Riphagen II, Dekker JM, Nijpels G, 
Bot SD. Self-monitoring of blood glucose in patients with type 2 
diabetes mellitus who are not using insulin [review]. Cochrane 
Database Syst Rev. 2012;1:CD005060.

 24. Clar C, Barnard K, Cummins E, Royle P, Waugh N; Aberdeen Health 
Technology Assessment Group. Self-monitoring of blood glucose 
in type 2 diabetes: systematic review. Health Technol Assess. 2010; 
14(12):1–140.

 25. Gale EA. Post-marketing studies of new insulins: sales or science? 
BMJ. 2012;344:e3974.

 26. Yudkin JS. Post-marketing observational trials and catastrophic health 
expenditure. BMJ. 2012;344:e3987.

 27. Aroda VR, Henry RR, Han J, et al. Efficacy of GLP-1 receptor agonists 
and DPP-4 inhibitors: meta-analysis and systematic review. Clin Ther. 
2012;34(6):1247–1258.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

366

Kiiskinen et al

Powered by TCPDF (www.tcpdf.org)

http://www.idf.org/diabetesatlas/
http://www.who.int/mediacentre/factsheets/fs312/en/index.html
http://www.who.int/mediacentre/factsheets/fs312/en/index.html
http://www2.lse.ac.uk/LSEHealthAndSocialCare/research/LSEHealth/MTRG/LSEDiabetesReport26Jan2012.pdf.
http://www2.lse.ac.uk/LSEHealthAndSocialCare/research/LSEHealth/MTRG/LSEDiabetesReport26Jan2012.pdf.
http://www2.lse.ac.uk/LSEHealthAndSocialCare/research/LSEHealth/MTRG/LSEDiabetesReport26Jan2012.pdf.
www.dovepress.com
www.dovepress.com
www.dovepress.com


ClinicoEconomics and Outcomes Research

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/clinicoeconomics-and-outcomes-research-journal

ClinicoEconomics & Outcomes Research is an international, peer-
reviewed open-access journal focusing on Health Technology Assess-
ment, Pharmacoeconomics and Outcomes Research in the areas of 
diagnosis, medical devices, and clinical, surgical and pharmacological 
intervention. The economic impact of health policy and health systems 

organization also constitute important areas of coverage. The manu-
script management system is completely online and includes a very 
quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

ClinicoEconomics and Outcomes Research 2013:5 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

367

Resource use and costs of exenatide bid or insulin

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/clinicoeconomics-and-outcomes-research-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


