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ABSTRACT

Introduction: This study aimed to describe
utilization patterns, persistence, resource uti-
lization and costs in patients with type 2 dia-
betes mellitus initiating treatment with
glucagon-like peptide 1 receptor agonists in
routine clinical practice in Spain.
Methods: This retrospective study of medical
records in the Big-Pac database identified adults
starting treatment with once-weekly (QW)
dulaglutide, exenatide-QW or once-daily

liraglutide between 1 November 2015 and 30
June 2017. Patients were followed for up to
18 months from treatment initiation. Data on
clinical characteristics of patients, treatment
patterns, average daily dose and costs were
obtained for the three cohorts. Persistence over
the 18-month period was evaluated using
Kaplan–Meier curves. All analyses were
descriptive.
Results: A total of 1402 patients were included
in this study (dulaglutide [n = 492], exenatide-
QW [n = 438] or liraglutide [n = 472]); 52.8%
were men, and the mean (SD) age was 62 (11)
years, glycated haemoglobin (HbA1c) was 8.1%
(1.2) and body mass index was 35.5 (3.2) kg/m2

at treatment initiation. Persistence at
18 months was 59.1% (95% confidence interval
[CI] 54.8–63.4) for dulaglutide, 45.7% (95% CI
41.0–50.4) for exenatide-QW and 46.6% (95%
CI 42.1–51.1) for liraglutide. The average (SD)
dose was 1.2 (0.4) mg/week for dulaglutide, 1.9
(0.3) mg/week for exenatide-QW and 1.1 (0.3)
mg/day for liraglutide. The average reduction in
HbA1c levels at 1 year was - 0.68% for patients
who initiated dulaglutide, - 0.54% for patients
who initiated exenatide-QW and - 0.50% for
patients who initiated liraglutide. The mean
(SD) total annual health care costs were €4072
(1946) for dulaglutide, €4418 (2382) for exe-
natide-QW and €4382 (2389) for liraglutide.
Conclusion: Results suggest that patients who
started treatment with dulaglutide had higher
persistence over 18 months, presented lower
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HbA1c levels at 12 months and incurred lower
annual total healthcare costs than patients who
initiated exenatide-QW or liraglutide.

PLAIN LANGUAGE SUMMARY

Type 2 diabetes has a major impact on patients
psychologically and socially, as well as on
healthcare costs. The glucagon-like peptide 1
receptor agonists (GLP-1 RAs) are drugs that
help maintain blood sugar at healthy levels.
They are often used as the first injectable drugs
if oral treatments are no longer effective. This
study aimed to analyse the use of GLP-1 RAs,
and the costs involved, among patients with
type 2 diabetes who started treatment with
once-weekly dulaglutide, once-weekly exe-
natide or liraglutide in routine clinical practice
in Spain. An electronic database of medical
records was used to obtain data from 1402
patients who started treatment with these drugs
and were followed for a 1.5-year period. Results
of this study suggest that patients who were
prescribed dulaglutide stayed on their treatment
longer and could reduce their blood sugar levels
more efficiently, and at a lower cost, than those
who received once-weekly exenatide or liraglu-
tide. These findings could be helpful to physi-
cians prescribing these drugs when considering
how to improve the management of type 2
diabetes.

Keywords: Costs; Glucagon-like peptide 1
receptor agonists (GLP-1 RAs); Persistence with
treatment; Real-world evidence (RWE);
Resource utilization; Spain; Type 2 diabetes
mellitus

Key Summary Points

Why carry out this study?

Glucagon-like peptide 1 receptor agonists
(GLP-1 RAs) are often the first
injectable therapy prescribed to patients
with type 2 diabetes before starting basal
insulin, but there is limited information
on real-world use of these drugs in Spain.

This study aimed to analyse utilization
patterns, persistence, resource utilization
and costs among patients with type 2
diabetes in Spain who initiated
dulaglutide, exenatide-QW or liraglutide
for the first time.

What was learned from the study?

This study suggests that patients who
started treatment with dulaglutide had
higher treatment persistence and
presented better glycaemic control than
patients who initiated exenatide-QW or
liraglutide.

In Spain, the total annual average
diabetes-related costs were lowest for
dulaglutide and highest for exenatide-
QW.

This comprehensive real-world analysis of
dulaglutide, exenatide-QW and liraglutide
provides important information that can
be useful to guide therapeutic decisions.

DIGITAL FEATURES

This article is published with digital features,
including a summary side and a plain language
summary, to facilitate understanding of the
article. To view digital features for this article go
to https://doi.org/10.6084/m9.figshare.
14077409.
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INTRODUCTION

Diabetes is a chronic disease with a major clin-
ical and economic impact worldwide. In 2019,
diabetes affected 463 million people (9.3% of
adults aged 20–79 years), and this value is
expected to rise to 578 million by 2030 [1]. In
Spain, prevalence has been estimated at 8–20%
for those aged over 75 years [2, 3]. Diabetes
impacts patients psychologically and socially
and is therefore associated with a substantial
and rising socioeconomic burden [1]. For Spain,
the total direct costs of treating type 2 diabetes
mellitus (T2DM) have been estimated at
€10 billion yearly [4].

Currently, the initial therapeutic approach
for the treatment of T2DM includes a variety of
oral antidiabetic drugs (OADs) such as bigua-
nides (metformin), sulfonylureas, glinides, gli-
tazones, sodium-glucose cotransporter type 2
(SGLT2) inhibitors and dipeptidyl peptidase 4
(DPP4) inhibitors. However, when oral phar-
macological therapy alone fails to control
hyperglycaemia, and recognizing that T2DM is
a progressive disease, escalation of treatment is
often required. This is usually achieved through
OAD combinations or by introducing
injectable agents such as glucagon-like pep-
tide 1 receptor agonists (GLP-1 RAs) and insulin
[5, 6]. GLP-1 RAs can be used as monotherapy or
in combination with OADs or insulin and are
currently recommended as the first
injectable drug before starting basal insulin [5].
In addition to improved glycaemic control,
GLP-1 RAs are associated with reductions in
body weight and a low hypoglycaemia risk [7].
They are recommended in patients with T2DM
with established or a high risk of atherosclerotic
cardiovascular disease [5, 8].

Although GLP-1 RAs have broadly shown
good efficacy and tolerability in patients with
T2DM [9], there are relevant differences
between the available GLP-1 RAs with respect to
dosing regimens and the injection process [10].
These attributes have been demonstrated to be
critical to patient satisfaction with the treat-
ment and can affect persistence with the
antidiabetic therapy [11, 12]. Persistence, gen-
erally defined as the percentage of patients still

taking a prescribed treatment at the end of a
predefined evaluation period [13], is a key
aspect of antidiabetic therapy as it is directly
related to positive clinical outcomes and a
reduced risk of developing complications
[14–17]. In this regard, observational studies
providing real-world evidence that evaluate
patient behaviour over extended time ranges
are useful [18].

Although five GLP-1 RAs are registered in the
Spanish market, information is limited on
patient demographics, treatment practices,
clinical outcomes, healthcare resource use and
related costs among patients with T2DM initi-
ating GLP-1 RA therapy in this country [19–24].
In Spain, GLP-1 RAs are usually prescribed in
combination with OADs or OAD/insulin to rel-
atively young patients with poor glycaemic
control and high body mass index (BMI) [20].
Currently, reimbursement of GLP-1 RAs is lim-
ited to patients with a BMI of at least 30 kg/m2

and in combination with other antidiabetic
treatments [6, 25].

The overall objective of this study was to
provide real-world evidence on treatment pat-
terns for once-weekly (QW) dulaglutide
(Trulicity�, Eli Lilly and Company), exenatide-
QW (Bydureon�, AstraZeneca) and once-daily
liraglutide (Victoza�, Novo Nordisk) for the
treatment of patients with T2DM using it for
the first time. Persistence and treatment modi-
fications were of special interest. Other objec-
tives of the study included evaluating daily or
weekly dosage, concomitant antidiabetic and
non-antidiabetic medication, main clinical
outcomes related to diabetes, and T2DM-asso-
ciated resource use and costs.

METHODS

This was a retrospective, observational,
descriptive, cohort study including patients
with T2DM aged at least 18 years who started
antidiabetic treatment for the first time with
dulaglutide, exenatide-QW or liraglutide in
Spain. The protocol was approved by the Clin-
ical Research Ethical Committee of the Consorci
Sanitari de Terrassa (Barcelona, Spain). The
study was conducted in accordance with the
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ethical principles of the Declaration of Helsinki,
good pharmacoepidemiology practices (GPPs)
and the applicable laws and regulations of
Spain.

The overall study design and methodologies
were deliberately similar to those in previous
observational studies conducted in other Euro-
pean countries [26–30] to allow comparisons to
be made.

Data Source

Data for the study were obtained from the Big-
Pac database (Atrys Health-Real Life Data,
Madrid, Spain), which collects and unifies
computerized and anonymised patient medical
records from primary and secondary care,
records of drug dispensation and other com-
plementary databases from seven autonomous
regions of Spain. The Big-Pac database is regis-
tered with The European Network of Centres for
Pharmacoepidemiology and Pharmacovigilance
(ENCePP�; http://www.encepp.eu/encepp/
viewResource.htm?id=29236), a network coor-
dinated by the European Medicines Agency.
The population assigned to the health centres
from which data were extracted included
1,867,108 inhabitants at the time of data
extraction and could be considered representa-
tive of the Spanish population [31].

Study Design and Patient Selection

An overall view of the study design is shown in
Fig. 1. The date of initiation of the GLP-1 RA
treatment was termed the ‘index date’, and the

GLP-1 RA therapy initiated was termed the ‘in-
dex therapy’. Patients were followed for
18 months (post-index period). All patients
were required to appear in the database at least
6 months prior to the index date; this period
was termed the ‘pre-index period’. During this
period, patients’ clinical characteristics and
patterns of antidiabetic and concomitant treat-
ment and medication use were assessed. During
the post-index period, clinical characteristics,
average dose, concomitant medication at
12 months; add-on therapy; persistence at 6, 12
and 18 months; treatment modifications; and
the use of resources and costs at 12 months were
evaluated.

Patients included in this study were those
starting a new treatment with one of three GLP-1
RAs (dulaglutide, exenatide-QW or liraglutide)
within the inclusion period of 1 November 2015
to 30 June 2017 and meeting the following
inclusion criteria at index date: (1) age at least
18 years; (2) diagnosis of T2DM in the database a
minimum of 6 months prior to the index date;
(3) had ongoing medical dispensations (with
verified record of the daily dose, the time interval
and duration for each treatment), and two or
more dispensations for at least the 12-month
follow-up and (4) feasibility of regular follow-up
of the patient (one or more healthcare system
records in the database). Patients were excluded
if they (1) transferred to other centres, relocated
or were outside the zone covered in the database;
(2) were permanently institutionalized; (3) had a
background of type 1 diabetes mellitus, gesta-
tional diabetes and/or secondary diabetes
(Cushing’s syndrome, acromegaly, glucago-
noma, pheochromocytoma or primary

Fig. 1 Overview of study design for each patient. ADD average daily dose, GLP-1 RA glucagon-like peptide 1 receptor
agonist
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hyperaldosteronism, as indicated by the Inter-
national Classification of Diseases [ICD] codes in
the patient’s files); (4) had prior exposure toGLP-
1 RAs or (5) had a terminal illness. Patients using
liraglutide for the weight management indica-
tion were excluded.

The index therapy cohorts of the study were
based on GLP-1 RA product initiated: (1)
dulaglutide (0.75 or 1.5 mg weekly), (2) exe-
natide-QW (2 mg weekly) and (3) liraglutide
(0.6 or 1.2 mg daily).

Measures and Analyses

In the pre-index 6-month period, data were
obtained on patients’ demographic and clinical
characteristics. The source of these data was the
medical claims files (ICD-10-MC diagnosis
codes), laboratory and pharmacy claims files
(anatomical therapeutic chemical codes). Data
obtained on comorbidities were used to calcu-
late a Charlson Comorbidity Index score and to
determine the number and severity of chronic
comorbidities [32]. Macrovascular (ischaemic
heart disease, cerebrovascular accidents) and
microvascular (retinopathy, nephropathy and
diabetic neuropathy) complications were
quantified. The biochemical parameters of each
patient were obtained throughout the study,
but only the last records before the pre-index,
index and post-index dates were used for each
time period. These included data on clinical
outcomes, glycated haemoglobin (HbA1c)
levels, BMI, systolic and diastolic blood pressure
and lipid profile. The mean percentage reduc-
tion of each parameter at 12 months was
quantified.

Dispensations for a non-GLP-1 RA antidia-
betic therapy (metformin, sulfonylureas, alpha
glucosidase inhibitors, glitazone, glinide, DPP4
inhibitors, SGLT2 inhibitors and insulins and
analogues) and relevant non-antidiabetic con-
comitant medications (antihypertensive drugs,
diuretics, beta-blockers, lipid-lowering agents,
angiotensin-converting enzyme [ACE] inhibi-
tors, angiotensin II receptor antagonists and
antiplatelet agents) were evaluated during the
6-month pre-index period, at the index date
and during the post-index period.

Pharmacy claims files were used to deter-
mine the index therapy cohorts and the first
dispensation date for dulaglutide, exenatide-
QW and liraglutide. For dulaglutide, the num-
ber of patients starting at 0.75 mg or 1.5 mg was
also registered. The average daily and weekly
dose (ADD and AWD, respectively) of the index
therapy was assessed for all patients in the study
while persistent or up to the end of the follow-
up period. Daily dose was calculated by dividing
the total amount of drug prescribed (calculated
using package size, package count and strength)
by the duration of time (days) between two
consecutive dispensations. At the patient level,
daily dose was averaged, whereas at the index
treatment level, patient-level ADD was aver-
aged. This was multiplied by seven to obtain the
AWD for dulaglutide and exenatide-QW.

Persistence was measured as the time (days)
from the index date until evidence of non-per-
sistence, either by discontinuation or switch,
over the available follow-up period up to
18 months. Discontinuation was defined as a
gap in a series of successive dispensations for
the patient’s initial treatment of at least 60 days’
duration. Switching was defined as the appear-
ance in the records of a new dispensation (a
non-index GLP-1 or other antidiabetic medica-
tion) within 30 days before or after discontinu-
ation of the treatment. Patients who underwent
a treatment switch of the index therapy were
categorized into one of two groups: patients
who switched to OAD or insulin treatment and
patients who switched to other GLP-1 RAs. The
number of patients who switched to each
antidiabetic drug was recorded, as was the per-
centage of patients who received a new anti
diabetic drug.

Add-on therapy was defined as the appear-
ance of two or more dispensations of a new
non-index treatment (a non-index GLP-1 or
other antidiabetic medication) while the index
treatment was being administered. A second
dispensation of the add-on therapy was
required to occur before the last days’ supply of
the index therapy or the discontinuation date.

Resource use and associated costs related to
T2DM for each of the study cohorts were eval-
uated over the 12-month post-index period. No
indirect costs were considered. Direct
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healthcare costs included medical visits, hospi-
talization, emergency room visits, diagnostic
tests and medications. The costs were presented
as overall average cost per patient (average/unit/
annual) and by cost component and were
specified as relating to primary or secondary
care. Unit costs of healthcare resources used are
detailed in Table S1 in the electronic supple-
mentary material (ESM), based on 2017 unit
prices. Prices were obtained from the centres’
analytical accounting, except for medication.
The retail price of medical dispensations was as
indicated in the BOT PLUS website (http://
botplusweb.portalfarma.com/) from the Gen-
eral Council of Pharmaceutical Associations of
Spain.

Statistical Methods

Data were analysed descriptively. Categorical
variables were reported using frequency and
percentage distributions and 95% confidence
intervals (CIs) where available. Continuous and
count variables were reported using the mean
and the SD. Kaplan–Meier analyses were used to
estimate the proportion of patients who were
persistent across the follow-up period
(18 months).

For continuous and categorical variables
where data were missing, missing numbers were
provided. The default assumption was that
subjects with missing values were excluded
from analyses.

Analyses are presented overall and by index
treatment. No formal statistical tests were per-
formed to compare outcomes between index
therapy cohorts.

RESULTS

From a total of 1,867,108 patients in the data-
base, 49,101 met the inclusion criteria of age at
least 18 years at the index date, a diagnosis of
T2DM at least 6 months before index date and
inclusion in the dispensation program (Fig. S1
in the ESM). Of these, 1589 patients (3.2%)
started treatment with dulaglutide, exenatide-

QW or liraglutide during the inclusion period
from 1 November 2015 to 30 June 2017. After
applying the exclusion criteria, a total of 492
patients for dulaglutide, 438 patients for exe-
natide-QW and 472 patients for liraglutide were
included in the study.

The baseline demographic and clinical
characteristics of these patients in each of the
index therapy cohorts are shown in Table 1.
Overall, 52.8% were men, and the mean (SD)
age was 62 (11) years. The mean (SD) age was 63
(11) for the dulaglutide and exenatide-QW
groups and 62 (11) years for the liraglutide
group. Patients had a mean (SD) disease diag-
nosis of 9.4 (2.6) years, a BMI of 35.5 (3.2) kg/m2

and an HbA1c of 8.1% (1.2). At baseline, the
three groups were similar regarding sex distri-
bution, clinical parameters and associated
comorbidities. The mean (SD) number of
antidiabetic medications in the 6-month pre-
index period was 2.3 (0.9) across all index
therapies. The most common antidiabetic
medication taken by the patients in all groups
during the pre-index period was metformin
(79.7% in the dulaglutide group, 85.6% in the
exenatide-QW group and 88.8% in the liraglu-
tide group), followed by DPP4 inhibitors (46.1%
in the dulaglutide group, 50.9% in the exe-
natide-QW group and 52.1% in the liraglutide
group). The most common concomitant medi-
cations were antihypertensive and lipid-lower-
ing drugs.

Persistence of GLP-1 RA Treatments

Treatment persistence and treatment discon-
tinuation or switching at 6, 12 and 18 months
are shown in Table 2. At 18 months, 59.1%
(95% CI 54.8–63.4) of patients receiving
dulaglutide, 45.7% (95% CI 41.0–50.4) of those
receiving exenatide-QW and 46.6% (95% CI
42.1–51.1) of those receiving liraglutide were
persistent (Fig. 2). Patients initiating liraglutide
or exenatide-QW had a higher probability of
discontinuing or switching over at 12 months
than patients initiating dulaglutide (hazard
ratio 1.68 [95% CI 1.28–2.20] and 1.88 [95% CI
1.43–2.46], respectively).
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Table 1 Patient demographic and clinical characteristics at baseline, and pharmacological treatments prior to GLP-1 RA
initiation

Characteristics All GLP-1 RAs
n = 1402

Dulaglutide
n = 492

Exenatide-QW
n = 438

Liraglutide
n = 472

Age (years), mean (SD) 62 (11) 63 (11) 63 (11) 62 (11)

Age ranges (years), n (%)

18–44 93 (6.6) 31 (6.3) 23 (5.3) 39 (8.3)

45–64 695 (49.6) 245 (49.8) 218 (49.8) 232 (49.1)

65–74 466 (33.2) 165 (33.5) 153 (34.9) 148 (31.4)

C 75 148 (10.5) 51 (10.4) 44 (10.0) 53 (11.3)

Sex (male), n (%) 740 (52.8) 254 (51.6) 234 (53.4) 252 (53.4)

Time since diagnosis (years), mean (SD) 9.4 (2.6) 9.6 (2.5) 9.3 (2.7) 9.2 (2.8)

BMI (kg/m2), mean (SD) 35.5 (3.2) 35.4 (3.2) 35.8 (3.4) 35.5 (3.1)

HbA1c (%), mean (SD) 8.1 (1.2) 8.1 (1.2) 8.1 (1.2) 8.1 (1.4)

SBP (mmHg), mean (SD) 128.4 (12.2) 128.2 (12.1) 127.8 (12.5) 129.3 (12.1)

DBP (mmHg), mean (SD) 81.7 (9.1) 81.4 (9.3) 82.0 (9.2) 81.9 (8.7)

Charlson index, mean (SD) 1.2 (1.2) 1.2 (1.3) 1.2 (1.2) 1.2 (1.2)

Number of comorbiditiesa, mean (SD) 2.4 (1.5) 2.4 (1.5) 2.2 (1.5) 2.4 (1.5)

Associated risk factors and comorbidities, n (%)

Active smokers 105 (7.5) 38 (7.7) 32 (7.3) 35 (7.4)

Arterial hypertension 669 (47.7) 231 (47.0) 208 (47.5) 230 (48.7)

Dyslipidaemia 707 (50.4) 244 (49.6) 227 (51.8) 236 (50.0)

Heart failure 130 (9.3) 48 (9.8) 41 (9.4) 41 (8.7)

Obesity 559 (39.9) 201 (40.9) 170 (38.8) 188 (39.8)

Renal impairment 76 (5.4) 28 (5.7) 20 (4.6) 28 (5.9)

Diabetes complications, n (%)

Macrovascular diseaseb 305 (21.8) 108 (22.0) 94 (21.5) 103 (21.8)

Microvascular diseasec 536 (38.2) 190 (38.6) 161 (36.8) 185 (39.2)

Antidiabetic medication, n (%)d

Number of drugs, mean (SD) 2.3 (0.9) 2.2 (0.9) 2.3 (0.9) 2.4 (0.9)

Metformin (biguanide) 1186 (84.6) 392 (79.7) 375 (85.6) 419 (88.8)

Sulfonylureas 328 (23.4) 105 (21.3) 109 (24.9) 114 (24.2)

AGI 8 (0.6) 4 (0.8) 3 (0.7) 1 (0.2)
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At 6 months, overall GLP-1 RA discontinua-
tion was observed in 328 patients (23.4%), but
at 18 months switching to other oral antidia-
betics or insulin was as common as discontin-
uation (333 patients [23.7%] who switched vs.
343 patients [24.4%] who discontinued). Over
the 18-month follow-up period, switching from
the index therapy to one of the other two GLP-1
RAs was rare (2.0% of all patients). In these
patients, themost frequent GLP-1 RA switch was
to dulaglutide (1.2% of patients) compared with
the other two groups. The patients most com-
monly switching to other GLP1-RAs were those
initially treated with exenatide-QW (4.1%).

Add-on Therapy

Table 3 shows the therapies started after GLP-1
RA initiation (add-on therapy) at 12 months.
The most common add-on therapies used were
metformin (3.9% of patients), insulin and ana-
logues (2.9%) and SGLT2 inhibitors (1.5%).

Clinical Outcomes

Regarding clinical parameters at 12 months
after initiating treatment, the mean (SD) HbA1c
levels were 7.4% (1.2), 7.6% (1.1) and 7.6% (1.2)

Table 1 continued

Characteristics All GLP-1 RAs
n = 1402

Dulaglutide
n = 492

Exenatide-QW
n = 438

Liraglutide
n = 472

Glitazone 18 (1.3) 6 (1.2) 6 (1.4) 6 (1.3)

Glinide 104 (7.4) 38 (7.7) 29 (6.6) 37 (7.8)

DPP4 inhibitors 696 (49.6) 227 (46.1) 223 (50.9) 246 (52.1)

SGLT2 inhibitors 297 (21.2) 97 (19.7) 95 (21.7) 105 (22.2)

Insulins and analogues 524 (37.4) 181 (36.8) 151 (34.5) 192 (40.7)

Other OAD 61 (4.4) 31 (6.3) 15 (3.4) 15 (3.2)

Other medication, n (%)d

Number of drugs, mean (SD) 1.9 (1.5) 2.0 (1.5) 1.8 (1.4) 2.0 (1.6)

Antihypertensives 72 (5.1) 26 (5.3) 20 (4.6) 26 (5.5)

Diuretics 290 (20.7) 106 (21.5) 87 (19.9) 97 (20.6)

Beta-blockers 341 (24.3) 121 (24.6) 100 (22.8) 120 (25.4)

ACE inhibitors 342 (24.4) 119 (24.2) 112 (25.6) 111 (23.5)

ARBs 274 (19.5) 91 (18.5) 83 (18.9) 100 (21.2)

Antiplatelet agents 543 (38.7) 205 (41.7) 150 (34.2) 188 (39.8)

Lipid-lowering drugs 805 (57.4) 263 (53.5) 255 (58.2) 287 (60.8)

ACE angiotensin-converting enzyme, AGI alpha glucosidase inhibitors, ARBs angiotensin II receptor blockers, BMI body
mass index, DBP diastolic blood pressure, DPP4 dipeptidyl peptidase 4, GLP-1 RAs glucagon-like peptide 1 receptor
agonists, HbA1c glycated haemoglobin, OAD oral antidiabetics, QW once weekly, SBP systolic blood pressure, SD standard
deviation, SGLT2 sodium-glucose cotransporter type 2
a Number of diagnoses calculated for chronic comorbidities considered in the study
b Includes ischaemic cardiopathy, stroke, transitory ischaemic accident and peripheral arteriopathy
c Includes diabetic retinopathy, diabetic nephropathy and diabetic neuropathy
d Medication prescribed in the 6-month pre-index period
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Table 2 Persistence with the index therapy and treatment modification over the follow-up period

Treatment duration and modification All GLP-1 RAs
n = 1402

Dulaglutide
n = 492

Exenatide-QW
n = 438

Liraglutide
n = 472

Treatment duration (days), mean (SD) 370.7 (202.9) 404.3 (192.7) 350.7 (206.9) 354.8 (205.5)

Persistence at 6 months, n (%) 1018 (72.6) 384 (78.0) 303 (69.2) 331 (70.1)

95% CI (70.3–74.9) (74.3–81.7) (64.9–73.5) (66.0–74.2)

Non-persistence, 6 months, n (%)

Discontinuation 328 (23.4) 91 (18.5) 118 (26.9) 119 (25.2)

Switch to OAD/insulin 56 (4.0) 17 (3.5) 17 (3.9) 22 (4.7)

Switch to other GLP-1 RAs 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Persistence at 12 months, n (%) 867 (61.8) 343 (69.7) 249 (56.8) 275 (58.3)

95% CI (59.3–64.3) (65.6–73.8) (52.2–61.4) (53.9–62.7)

Non-persistence, 12 months, n (%)

Discontinuation 320 (22.8) 99 (20.1) 105 (24.0) 116 (24.6)

Switch to OAD/insulin 210 (15.0) 50 (10.2) 79 (18.0) 81 (17.2)

Switch to other GLP-1 RAs 5 (0.4) 0 (0.0) 5 (1.1) 0 (0.0)

Persistence at 18 months, n (%) 711 (50.7) 291 (59.1) 200 (45.7) 220 (46.6)

95% CI (48.1–53.3) (54.8–63.4) (41.0–50.4) (42.1–51.1)

Non-persistence, 18 months, n (%)

Discontinuation 330 (23.5) 111 (22.6) 100 (22.8) 119 (25.2)

Switch to OAD/insulin 333 (23.8) 87 (17.7) 120 (27.4) 126 (26.7)

Switch to other GLP-1 RAs 28 (2.0) 3 (0.6) 18 (4.1) 7 (1.5)

Medication after switch, n (%)

Metformin 126 (9.0) 31 (6.3) 46 (10.5) 49 (10.4)

Glinide 111 (7.9) 34 (6.9) 34 (7.8) 43 (9.1)

OAD combinations 27 (1.9) 6 (1.2) 12 (2.7) 9 (1.9)

DPP4 inhibitors 12 (0.9) 0 (0) 3 (0.7) 9 (1.9)

Insulin 24 (1.7) 8 (1.6) 9 (2.1) 7 (1.5)

SGLT2 inhibitors 22 (1.6) 8 (1.6) 9 (2.1) 5 (1.1)

Sulfonylureas 11 (0.8) 0 (0) 7 (1.6) 4 (0.8)

Dulaglutide 17 (1.2) – 12 (2.7) 5 (1.1)

Exenatide-QW 2 (0.1) 0 (0) – 2 (0.4)

Liraglutide 9 (0.6) 3 (0.6) 6 (1.4) –

CI confidence interval, DPP4 dipeptidyl peptidase 4, GLP-1 RAs glucagon-like peptide 1 receptor agonists, OAD oral
antidiabetics, QW once weekly, SD standard deviation, SGLT2 sodium-glucose cotransporter type 2
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for patients receiving dulaglutide, exenatide-
QW and liraglutide, respectively (Table S2 in the
ESM). Figure 3 shows that patients in the
dulaglutide group experienced the greatest
reduction in HbA1c levels from baseline com-
pared with patients who received exenatide-QW
or liraglutide. Reductions were also observed at
12 months after start of GLP-1 RA in systolic
and diastolic blood pressure, BMI (Table S2 in
the ESM), total cholesterol and triglycerides
across all treatment groups.

Average Daily or Weekly Doses

The database records showed that the starting
dose of dulaglutide was 0.75 mg in 23.6% of
patients and 1.5 mg in 76.4%. During the
18-month follow-up period, the AWD was 1.2
(0.4) mg for dulaglutide and 1.9 (0.3) mg for
exenatide-QW, whereas the ADD for liraglutide
was 1.1 (0.3) mg.

Resource Use and Costs

The detailed list of resources used and their
associated costs for each treatment at the

12-month follow-up period after GLP-1 RA ini-
tiation is shown in Table S1 in the ESM, and
Fig. 4 shows an aggregated view of costs of pri-
mary and specialised care. The mean (SD) total
cost at 12 months was €4072 (1946) for
dulaglutide, €4418 (2382) for exenatide-QW
and €4382.7 (2389) for liraglutide. Overall,
71.2–79.6% of total costs were derived from
primary care items, especially the cost of GLP-1
RA medication (24.5–31.1%), and 20.5–28.8%
were derived from specialised care (Fig. 4a). The
overall lower cost for dulaglutide was derived
mainly from costs associated with specialised
care, which were €832 (1591) for dulaglutide,
€1274 (1953) for exenatide-QW and €1202
(1977) for liraglutide (Table S3 in the ESM).

DISCUSSION

This study analysed the Big-Pac database for
demographic and clinical characteristics of
patients with T2DM starting treatment with
dulaglutide, exenatide-QW or liraglutide in
Spain. The results suggest that patients initiat-
ing treatment with dulaglutide had a higher
probability of being persistent over 18 months

Fig. 2 Kaplan–Meier analyses over the 18-month post-index period. The plot reflects the probability of remaining
persistent to the index therapy. CI confidence interval, QW once weekly
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and incurred lower annual total healthcare
costs than patients who initiated exenatide-QW
or liraglutide. Descriptive data showed a greater
reduction in HbA1c levels at 12 months in
patients who started dulaglutide treatment than
the other two drugs.

This real-world study indicated that patients
starting GLP-1 RAs were on average 63 years old,
with a mean diagnosis of 9.4 years, a BMI of
35.5 kg/m2 and an HbA1c of 8.1%. These results
are very similar to those in a previous report of a
retrospective study of real-world clinical use of
GLP-1 RAs in Spain [20] and a more recent
observational study from patients initiating
GLP-1 RAs in Catalonia, a region that represents
about 12% of the Spanish population [24]. As
shown in the present study, GLP-1 RA therapy is
usually used in combination with OADs or
OADs and insulin in Spain [20], which is in line
with current guideline recommendations from
the Spanish Society for Endocrinology and
Nutrition [6]. This study also showed that,
overall, only 3.2% of patients with T2DM star-
ted GLP-1 RA treatment (1589 of 49,101
patients). This low utilization of GLP-1 RAs may
reflect a gap between clinical practice and clin-
ical guidelines, which recommend GLP-1 RAs as
a second-line treatment after metformin for
patients with established cardiovascular disease,

at high cardiovascular risk or with chronic kid-
ney disease [6].

In our study, persistence of treatment during
the 18 months of follow-up was 59.1% with
dulaglutide, 45.7% with exenatide-QW and
46.6% with liraglutide. These results are con-
sistent with those of previous studies showing
that dulaglutide elicited higher persistence than
liraglutide, weekly exenatide or the newly
available semaglutide [28, 33–35]. No apprecia-
ble differences were found in persistence
between exenatide-QW and liraglutide, unlike a
similar study in the USA [33]. However, persis-
tence rates derived from real-world settings
have revealed substantial variations among
studies and countries [13, 28, 33, 34], so these
data should be viewed with caution. Further,
the reasons behind the higher persistence with
dulaglutide than with other GLP-1 RA treat-
ments have not been fully studied. The weekly
administration of dulaglutide, along with the
simplicity of the injection device and no need
for titration, could be linked to the higher per-
sistence rates [36]. Attributes such as dosing
frequency, type of delivery system, perceived
treatment benefit and the rate of side effects
have been proposed as important drivers of
patient preference for specific GLP-1 RAs and
could influence persistence [12, 37]. Persistence

Table 3 Add-on medication at 12 months after initiation of GLP-1 RA treatment, n (%)

Medication All GLP-1 RAs
n = 1402

Dulaglutide
n = 492

Exenatide-QW
n = 438

Liraglutide
n = 472

Metformin (biguanide) 54 (3.9) 24 (4.9) 12 (2.4) 18 (3.7)

Sulfonylureas 14 (1.0) 8 (1.6) 4 (0.8) 2 (0.4)

AGI 0 (0) 0 (0) 0 (0) 0 (0)

Glitazone 2 (0.1) 1 (0.2) 1 (0.2) 0 (0)

Glinide 0 (0) 0 (0) 0 (0) 0 (0)

DPP4 inhibitors 5 (0.4) 3 (0.6) 0 (0) 2 (0.4)

SGLT2 inhibitors 21 (1.5) 10 (2.0) 3 (0.6) 8 (1.6)

Insulins and analogues 40 (2.9) 17 (3.5) 8 (1.6) 15 (3.2)

Other OAD 0 (0) 0 (0) 0 (0) 0 (0)

AGI alpha glucosidase inhibitors, DPP4 dipeptidyl peptidase 4, GLP-1 RAs glucagon-like peptide 1 receptor agonists, OAD
oral antidiabetics, QW once weekly, SGLT2 sodium-glucose cotransporter type 2
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is an important measure as it can influence
therapeutic outcomes. Previous studies have
correlated higher persistence with improved
glycaemia control and decreased healthcare
resource utilization [14, 15]. Similarly, poor
persistence with antidiabetic medications has
been shown to increase the risk of complica-
tions and declining health in patients with
T2DM [13, 38].

The reasons for treatment non-persistence
(discontinuation or switch) were not studied in
detail. However, it is interesting to note that, at
6 months, non-persistence was mainly driven
by discontinuation, but, by the end of the
study, treatment switches had increased mark-
edly. Early discontinuation rates could be due to
gastrointestinal side effects that commonly
appear at the beginning of GLP-1 RA treatment,
although these effects were not reported in our
study and this cannot be confirmed. In addi-
tion, it should be noted that, for some regions
of Spain, such as Catalonia, current guidelines
recommend discontinuation if no beneficial
response is observed within 6 months of ther-
apy initiation (defined as a combined reduction
of at least 1.0% in HbA1c levels and 3% in ini-
tial weight) [24]. Similar advice is found in other
European guidelines, such as those of the UK
National Institute for Health and Care Excel-
lence [39]. Therefore, it is possible that a

decision for treatment switch was based on the
patient’s clinical response. In this study of
treatment with GLP-1 RAs, important reduc-
tions in HbA1c levels were observed after
12 months, consistent with recent real-world
studies carried out in Spain, which showed
average reductions of - 0.84% and - 0.93% in
GLP-1 RA initiators [23, 24]. In the current
study, the observed mean HbA1c reduction was
- 0.68% with dulaglutide, - 0.54% with exe-
natide-QW and - 0.50% with liraglutide. A real-
world study conducted in US patients revealed
that dulaglutide initiators experienced a reduc-
tion of - 0.9% in HbA1c levels after 6 months
of treatment [40], and another study found
reductions of - 0.5% for both dulaglutide and
exenatide-QW after a similar follow-up period
[41]. A recent comparative meta-analysis of
observational studies of dulaglutide, exenatide-
QW and liraglutide found differences in HbA1c
reduction between these three GLP-1 RA treat-
ments, with dulaglutide presenting the highest
reduction [36].

In this study, the ADD and AWD of the GLP-1
RAs were within the label-indicated ranges and
were similar to those stated in previous Euro-
pean studies [26–28]. The recommended dose
for dulaglutide as add-on therapy is 1.5 mg
weekly, but for some potentially vulnerable
populations 0.75 mg weekly is the starting add-
on dose [42]. The AWD of 1.2 mg reported here
is comparable to that in Canada (1.25 mg) but
lower than that in France (1.43 mg) or the
Netherlands (1.53 mg) [28]. For exenatide-QW,
the recommended dose is 2 mg once weekly
[43]. In this study, the AWD of 1.9 mg was also
somewhat lower than that in other European
countries, which ranges from 2.03 to 2.14 mg
[28]. For liraglutide, the recommended starting
dose is 0.6 mg daily, increasing to 1.2 mg after at
least 1 week [44]. The ADD of liraglutide was
1.1 mg in this study and was lower than that
reported in previous studies for other European
countries, which ranged from 1.44 to 1.68 mg
[28].

There are no recent estimates of the costs
derived from GLP-1 RA treatments for diabetes
in Spain at the national level. Regional studies
investigating the healthcare costs associated
with T2DM from a Spanish health system

Fig. 3 Change from baseline to month 12 in glycated
haemoglobin (HbA1c) levels (%). Error bars represent 95%
confidence intervals. QW once weekly
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perspective ranged from an average cost per
patient/year of €1108 to €6268 [45, 46]. In this
study, the results showed that costs were mostly
derived from primary care but were similar
among the three treatments. In contrast, anal-
ysis of costs derived from resource use in spe-
cialised care revealed that costs for dulaglutide
were lower than for the other two groups,
resulting in lower annual costs overall.

The authors acknowledge some limitations
in the study related to the retrospective design
and the data sources, suggesting that the results
should be interpreted with caution. Even
though a 20-month index period was designed
to maximize the number of patients included,
the study was limited by the relatively low

number of patients with GLP-1 RA prescriptions
in Spain. Regarding database quality, there was
no evaluation of the possible variability or
accuracy of healthcare professionals’ classifica-
tions of disease, comorbidities or medication
associated with the treatment. Also, there was
no record of possible confounding variables
that could influence the final results, such as the
patient’s socioeconomic level or functional
status. The duration of treatment for the dif-
ferent types of concomitant OADs was also not
considered because of difficulties quantifying
this during follow-up. Neither prescriptions
issued outside the public healthcare system nor
paper prescriptions were measured, which could
have led to an underestimation of the

Fig. 4 Resource utilization and mean costs by study
cohorts over the 12-month follow-up period. a Aggregated
costs for each resource category and for each study cohort
are shown. Diagnostic tests include laboratory expenses,
imaging and testing strips. GLP-1 RAs represent costs of
medication for each of the three index therapies. Other

drugs include antidiabetic and other concomitant medica-
tion. b Total costs of treatment of each of the study
cohorts. Error bars represent 95% confidence intervals.
GLP-1 RA glucagon-like peptide 1 receptor agonist, OAD
oral antidiabetic treatments, QW once weekly

Diabetes Ther (2021) 12:1535–1551 1547



percentage of treatment use. Other GLP-1 RA
treatments were not included because of the
low number of patients being treated or the lack
of drug availability in Spain at the time of study
initiation. Finally, since the analyses were
descriptive and not powered to detect differ-
ences between the three cohorts (which were
not propensity score matched), no definitive
conclusions could be drawn regarding any dis-
similarities between groups.

Since T2DM requires long-term care and
substantial changes in lifestyle and is a pro-
gressive disease, patient involvement is essen-
tial. Patient-centred approaches that consider
individual needs and preferences have been a
strong focus of T2DM therapies. This view is
highlighted in the recent consensus recom-
mendations from the American Diabetes Asso-
ciation and European Association for the Study
of Diabetes, which emphasize patient choice
and shared decision-making in T2DM manage-
ment [5]. For this reason, it is critical to under-
stand patient preferences and behaviours that
could improve treatment decisions, patient
satisfaction and ultimately medication adher-
ence. In this context, real-world studies can
shed light on patient adherence patterns that
would not be obvious in other types of studies
[18]. Additionally, although this study was
based on a database in Spain, the results should
also be of interest to other countries, particu-
larly since registries with outcomes data are not
common.

CONCLUSIONS

This study suggests that persistence through the
18-month post-index period was highest in the
dulaglutide cohort and lower in the exenatide-
QW and liraglutide cohorts. Greater reduction
in HbA1c levels was observed in patients who
started dulaglutide treatment than in those who
started exenatide-QW or liraglutide. Despite
differences in prescribing and dispensing prac-
tices, the results are consistent with previously
published data from other countries and with
other studies in Spain. The results also indicated
that, in Spain, the total annual average T2DM-
related costs were lowest for dulaglutide and

highest for exenatide-QW. This multicentric,
national-level, real-world analysis of GLP-1 RA
treatment patterns in Spain may be useful in the
future design of therapeutic algorithms and
economic evaluations.
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