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ABSTRACT

Introduction: Liraglutide is a glucagon-like
peptide-1 analogue used to treat type 2 diabetes
mellitus (T2DM). To date, limited long-term

data ([ 2 years) exist comparing real-world dia-
betes-related effectiveness and costs for liraglu-
tide versus insulin treatment.
Methods: This retrospective claims data analy-
sis covered the period from 1 January 2010 to 31
December 2017 and included continuously
insured patients with T2DM who initiated
insulin or liraglutide and had 3.5 or 5 years’
follow-up data, identified using the German
AOK PLUS dataset. Propensity score matching
(PSM) was used to adjust for patient
characteristics.
Results: After PSM, there were 825 and 436
patients in the liraglutide and insulin groups at
3.5 and 5 years’ follow-up, respectively. Baseline
characteristics were similar between compared
cohorts. The respective change from baseline to
follow-up in mean glycated haemoglobin for
liraglutide and insulin patients was - 0.88%
and - 0.81% (p[0.100) after 3.5 years and
- 1.15%/ - 1.02% (p[0.100) after 5 years.
Mean respective changes in body mass index
(kg/m2) were - 1.21/? 1.14 (p\ 0.001) after
3.5 years and - 1.29/? 1.13 after 5 years
(p\ 0.001). Liraglutide- versus insulin-treated
patients were less likely to have an early T2DM-
related hospitalisation (3.5-year hazard ratio
[HR]: 0.414 [95% confidence interval (CI)
0.263–0.651]; 5-year HR: 0.448 [95% CI
0.286–0.701]). At 5 years’ follow-up, there was
no statistically significant difference in total
direct costs between treatment groups (cost
ratio: 1.069 [95% CI 0.98–1.13]; p[0.100).
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Conclusion: The clinical effectiveness of
liraglutide is maintained long term (up to
5 years). Liraglutide treatment is not associated
with higher total direct healthcare costs.

Keywords: Claims data; Cost; Effectiveness;
Germany; Insulin; Liraglutide; Propensity
score; Real-world; Type 2 diabetes

Key Summary Points

Why carry out this study?

To date, limited long-term ([ 2 years) real-
world evidence exists regarding
effectiveness and diabetes-related costs
associated with liraglutide versus insulin
treatment in patients with type 2 diabetes
mellitus.

Most studies conducted to date have been
performed outside of Europe.

This study investigated long-term (up to
5 years) diabetes-related costs and
effectiveness of liraglutide and insulin in
German patients who were naive to either
treatment prior to initiation.

What was learned from the study?

The study showed that clinical
effectiveness achieved with liraglutide
treatment was maintained for up to
5 years.

Body mass index, systolic blood pressure
and glycated haemoglobin levels
improved with liraglutide treatment
compared with insulin.

Liraglutide treatment was associated with
lower healthcare costs (outpatient,
inpatient and medical aids), but with
higher drug costs; at 5 years’ follow-up,
there was no statistically significant
difference in total costs between
treatment groups.

INTRODUCTION

The global prevalence of type 2 diabetes melli-
tus (T2DM) is rising [1, 2] and has quadrupled in
the last 3 decades [3]. In Germany, the current
prevalence of diabetes is estimated to be
between 7.2 and 9.9% [4]. It is projected that
between 2015 and 2040, there will be a 21%
increase in the prevalence of T2DM in Germany
[5]. T2DM poses a significant disease burden,
and in 2010 it was estimated that around
140,000 deaths in Germany were due to T2DM-
related increased mortality [6]. Management of
hyperglycaemia in T2DM focuses on lifestyle
interventions such as diet and exercise, fol-
lowed by pharmacological therapy, with met-
formin often being the first choice [7]. If this is
insufficient, intensification with a second glu-
cose-lowering drug is recommended [7–11].
Several second-line treatments are available,
with different mechanisms of action, including
sulphonylureas, dipeptidyl peptidase-4 (DPP-4)
inhibitors, sodium-glucose co-transporter-2
(SGLT2) inhibitors and glucagon-like peptide-1
(GLP-1) analogues [7–11]. Until recently, basal
insulin was also recommended as a second-line
option in international guidelines [10, 11].

Liraglutide is a GLP-1 analogue that stimu-
lates insulin secretion in a glucose-dependent
manner [12]. Liraglutide is indicated for second-
line treatment of patients with T2DM in com-
bination with metformin and other oral
antidiabetic drugs and/or insulin or as
monotherapy if metformin cannot be tolerated
or is contraindicated [13]. In phase 3 clinical
trials in adult patients with T2DM, liraglutide
(as adjuvant treatment and monotherapy)
improved glycaemic control, reduced body
weight and/or lowered the risk of hypogly-
caemia versus a range of comparators [14–23].
In some trials, liraglutide also lowered systolic
blood pressure (SBP) [17, 18, 20, 22, 23]. In the
LIBERTY non-interventional study conducted
in Germany between 14 November 2011 and 31
October 2014, liraglutide treatment for 1 year
improved certain Audit of Diabetes-Dependent
Quality of Life components and reduced body
mass index (BMI), SBP and non-severe hypo-
glycaemic episodes versus any insulin. Both
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treatments improved glycaemic control [24]. In
patients with T2DM and at high risk of CV
events in the LEADER (Liraglutide Effect and
Action in Diabetes: Evaluation of Cardiovascu-
lar Outcome Results) trial, liraglutide reduced
the risk of major adverse CV events (a compos-
ite of CV death, non-fatal myocardial infarction
and non-fatal stroke) compared with placebo as
add-on to standard of care [25].

Given that insulin and liraglutide are both
treatment options for T2DM, it is important to
understand their long-term real-world out-
comes. The real-world effectiveness of liraglu-
tide has been previously investigated; however,
despite the major importance of long-term
effects on clinical outcomes in T2DM, limited
data beyond 2 years are available and fewer still
with insulin as a comparator [26]. This claims
data analysis in adult patients with T2DM
investigated diabetes-related effectiveness and
costs with long-term (up to 5 years) treatment
with liraglutide or any insulin in a real-world
setting.

METHODS

Study Design

A retrospective study was conducted using
administrative claims from a German health
fund (AOK PLUS), located in the Saxony/Thur-
ingia region of Germany. The fund
insures[3.2 million people and gives access to
the data of[400,000 patients with T2DM. Data
used for the analysis covered the period from 1
January 2010 to 31 December 2017 and inclu-
ded available data for patients with T2DM (In-
ternational Statistical Classification of Diseases
and Related Health Problems [ICD]-10 code:
E11) documented in a disease management
programme (DMP). The study included contin-
uously insured patients with T2DM who initi-
ated insulin or liraglutide, continued that
therapy for 3.5 or 5 years and had (except for
death) follow-up data available at 3.5 or 5 years.
Baseline data were collected within 6 months
prior to initiation of liraglutide or insulin.

Ethical Considerations

Ethics approval was granted for the preceding
LIBERTY study, which included approval for
long-term (up to 5 years) data analysis of par-
ticipating patients who had AOK PLUS health
fund data available. Not all patients in the cur-
rent study took part in the LIBERTY study.
However, as the evaluation was based upon
retrospective analysis of anonymised data from
a health fund, it was not considered necessary
to gain ethics approval or seek patient consent
for the additional patients included in this
analysis.

Patients and Data

Inclusion Criteria
Patients had T2DM and were naive to both
liraglutide (Anatomical Therapeutic Chemical
[ATC] code A10BX07/A10BJ02) and insulin
(ATC code A10A*) prior to inclusion, defined as
no prescription of liraglutide or any insulin
within 6 months prior to indexing. Patients
could have prior history of other GLP-1 ana-
logue use or any other T2DM-related medica-
tion. Patients were initiated on treatment with
liraglutide (B 1.8 mg once daily) or any type of
insulin (human insulin or insulin analogues, in
any device and in any insulin treatment regi-
men such as basal, pre-mixed or basal-bolus
therapy).

Analysis Sets
The primary analysis sets for the 3.5- and 5-year
follow-up groups were made up of two different
datasets:

1. Patients naive to both insulin and liraglu-
tide who started liraglutide and remained
on liraglutide treatment during the follow-
up period.

2. Patients naive to both insulin and liraglu-
tide who started insulin and remained on
insulin treatment during the follow-up
period.

In case of death of a patient, censoring was
performed. In addition to the above analysis, a
sensitivity analysis compared subsamples of
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patients who were treated for the duration of
the observational period without the respective
competitor being used as an add-on. Results for
the sensitivity analysis are given here descrip-
tively only, but the data are available on request
from the corresponding author.

Propensity Score Matching

When comparing individuals receiving differ-
ent treatments in non-randomised groups, the
question of comparability due to systematic
differences across treatment groups needs to be
addressed. Propensity score matching (PSM) is a
common approach to adjust for patients’ char-
acteristics [27]. Patients with the same propen-
sity score have theoretically the same
probabilistic distribution over other covariates,
independently of the treatment they received.
Propensity scores were estimated using logistic
regression models, where the dependent vari-
able was a binary indicator of group affiliation
(liraglutide versus insulin). All available char-
acteristics of each patient in the 6 months prior
to indexing (before either liraglutide or any
insulin was initiated), such as demographics
and comorbid conditions, were used as poten-
tial independent predictor variables. Those
variables found to be significant with backward
stepwise regression, as well as parameters with
obvious clinical relevance regarding treatment
decision (irrespective of significance), were used
to calculate the propensity scores. Therefore,
the following available variables were included:
age in years; gender; index year (year of treat-
ment initiation); prescribed antidiabetic drugs
in the 12-month pre-index period; number of
and top ten of other medications prescribed in
the 12-month pre-index period; Charlson
Comorbidity Index based on respective diag-
noses in the 12-month pre-index period; adap-
ted Diabetes Complications Severity Index
based on respective diagnoses in the 12-month
pre-index period; top ten documented diagnosis
in the 12-month pre-index period; diabetes-re-
lated complications in the 12-month pre-index
period; number of hospitalisations with ‘dia-
betes’ as the main diagnosis in the 12-month
pre-index period; number of hospitalisations

with ‘other’ as the main diagnosis in the
12-month pre-index period; number of general
practitioner (GP) visits in the 12-month pre-in-
dex period; number of outpatient specialist
visits in the 12-month pre-index period; base-
line HbA1c; baseline BMI; baseline SBP.

Based on the estimated propensity scores,
patients from the two groups (liraglutide versus
insulin) were matched using a nearest-neigh-
bour 1:1 matching algorithm with a maximum
caliper of 0.001.

Treatments Administered

Patients initiated treatment with either liraglu-
tide or any insulin, as prescribed by their treat-
ing physician (see ‘‘Inclusion Criteria’’ for
further information). There were no restrictions
around the use of other concomitant medica-
tions including GLP-1 analogues and other
glucose-lowering drugs.

Study Endpoints

The aims of the study were to investigate dif-
ferences in the development of clinical param-
eters (HbA1c, BMI and SBP), diabetes-related
complications and long-term diabetes-related
costs. Time to first diabetes-related hospitalisa-
tion (diabetes as primary diagnosis, which also
captured acute hypoglycaemic events) was also
recorded. Early T2DM-related hospitalisation
was defined as hospitalisation between the
index date and 3.5 or 5 years.

Diabetes-related concomitant medications
were coded and reported based on ATC classi-
fication standards and included metformin,
sulphonylureas, combinations of oral blood
glucose-lowering drugs, alpha-glucosidase inhi-
bitors, thiazolidinediones, DPP-4 inhibitors,
GLP-1 receptor agonists, SGLT2 inhibitors,
other blood glucose-lowering drugs [excluding
insulin], liraglutide/insulin with any other
antidiabetic drug and liraglutide/insulin with-
out any other antidiabetic drug.

Patients had at least BMI and HbA1c values
available at baseline (measured in the 6 months
pre-index using the value measured closest to
the index date). Follow-up measures considered
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clinical parameters measured within ± 30 days
of the respective follow-up date, using the value
measured closest to the follow-up date. As such,
baseline values were complete for all patients;
however, there were a decreasing number of
patients during the follow-up periods due to
missing data.

Diabetes-related complications investigated
included hospitalisations due to T2DM, CV
disease, cerebrovascular disease, nephropathy,
amputation, peripheral vascular disease, neu-
ropathy and vitrectomy (see Table S1 for a full
list of applicable ICD-10 codes).

Diabetes-related costs were reported per
observed patient year and included:

• Medication costs, which considered all pre-
scriptions of antidiabetic agents, i.e. ATC
code A10*; assessed based on pharmacies’
selling price.

• Outpatient costs, which considered all out-
patient visits related to T2DM diagnosis and/
or T2DM-related complications.

• Inpatient costs, which considered all hospi-
talisations associated with T2DM diagnosis
and/or T2DM-related complications as the
main diagnosis; cost assessment was based
on respective diagnosis-related groups.

• Medical aids costs, which related to prescrip-
tions with ATC V04CA and other invoiced
aids (test strips, lancets, needles, education).

Statistical Analysis

Continuous variables were analysed descrip-
tively. Mean and standard deviations were
reported as the main summary measures, and
medians were reported when the distribution
was skewed. Frequency and percentages were
used for all categorical variables. The 95% con-
fidence interval (CI) was displayed in the lon-
gitudinal comparisons of continuous variables.
All CIs, statistical tests and resulting p values
were two-sided. All hypothesis testing was per-
formed at the 5% significance level. Analysis of
time to first diabetes-related hospitalisation was
based on Kaplan-Meier analysis models and
depicted the percentage of patients still event-
free since treatment initiation. For all outcome

measures, data were collected for up to 5 years
after treatment initiation. No imputation of
missing data was performed.

RESULTS

Study Population

The numbers of patients identified for inclusion
before and after PSM are presented in Fig. 1.
Demographics and baseline characteristics were
similar between the two treatment groups after
PSM at both 3.5- and 5-year follow-up and are
presented in Table 1. Due to censoring in case of
death of a patient, the average follow-up times
for the 3.5- and 5-year follow-up cohorts were
3.45 and 4.89 years, respectively, for the
liraglutide group and 3.36 and 4.76 years,
respectively, for the insulin group.

At both 3.5- and 5-year follow-up, more
patients in the liraglutide group received addi-
tional insulin during the follow-up period
compared with patients in the insulin group
who received additional liraglutide during the
follow-up period (Table 1).

Concomitant T2DM-related medications
taken by patients at 3.5- and 5-year follow-up
for primary analysis are presented in Table S2.
More patients in the liraglutide versus insulin
group took concomitant metformin and
sulphonylureas during the follow-up period.
More patients in the insulin versus liraglutide
group took concomitant DPP-4 inhibitors dur-
ing the follow-up period.

Clinical Effectiveness

HbA1c

The results for mean changes from baseline in
HbA1c in the 3.5- and 5-year follow-up cohorts
are presented in Fig. 2. With both liraglutide
and insulin treatment, mean improvements
(reductions) from baseline were seen in HbA1c,
with a tendency towards greater reductions
from baseline in patients who initiated liraglu-
tide versus insulin treatment. In the liraglutide-
treatment groups, HbA1c reductions happened
earlier after initiation than in those treated with
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Fig. 1 Disposition of patients included in the i 3.5-year follow-up cohort and ii 5-year follow-up cohort

Table 1 Baseline characteristics of propensity score-matched patient cohorts

Parameter 3.5-year follow-up 5-year follow-up

Liraglutide,
n = 825

Insulin,
n = 825

Liraglutide,
n = 436

Insulin,
n = 436

Sex, male, n (%) 440 (53.3) 443 (53.7) 242 (55.5) 242 (55.5)

Age (years) at index, mean (SD) 58.6 (8.66) 58.2 (9.86) 58.6 (8.60) 58.5 (9.75)

CCI pre-indexa, mean (SD) 2.42 (1.45) 2.39 (1.56) 2.38 (1.46) 2.35 (1.46)

aDCSI pre-indexa, mean (SD) 1.22 (1.54) 1.15 (1.45) 1.12 (1.49) 1.17 (1.47)

HbA1c pre-index
a, mean (SD) 8.21 (1.34) 8.23 (1.34) 8.19 (1.31) 8.23 (1.37)

BMI pre-indexa, mean (SD) 35.9 (6.69) 36.0 (7.06) 36.0 (6.08) 35.6 (7.55)

SBP pre-indexa, mean (SD) 137 (14.9) 137 (15.1) 138 (16.1) 138 (14.8)

Patients receiving insulin/liraglutide in follow-up period, n (%) 324 (39.3) 65.0 (7.88) 210 (48.2) 31.0 (7.11)

Years to first insulin/liraglutide prescription after enrolment into

the health insurance fund, mean (SD)

1.57 (1.07) 1.47 (0.98) 2.20 (1.52) 2.07 (1.40)

Years of follow-up, mean (SD) 3.45 (0.40) 3.36 (0.63) 4.89 (0.64) 4.76 (0.85)

Results are presented as arithmetic means (SD) unless otherwise stated. Variables included in the PSM were: age in years;
gender; index year (year of treatment initiation); prescribed antidiabetic drugs in the 12-month pre-index period; number of
and top 10 of other medications prescribed in the 12-month pre-index period; CCI based on respective diagnoses in the
12-month pre-index period; aDCSI based on respective diagnoses in the 12-month pre-index period; top-10 documented
diagnosis in the 12-month pre-index period; diabetes-related complications in the 12-month pre-index period; number of
hospitalisations with ‘diabetes’ as the main diagnosis in the 12-month pre-index period; number of hospitalisations with
‘other’ as the main diagnosis in the 12-month pre-index period; number of GP visits in the 12-month pre-index period;
number of outpatient specialist visits in the 12-month pre-index period; baseline HbA1c; baseline BMI; baseline SBP
aDCSI adapted Diabetes Complications Severity Index, BMI body mass index, CCI Charlson Comorbidity Index, GP
general practitioner, HbA1c glycated haemoglobin, n number of subjects, SBP systolic blood pressure, SD standard deviation
a Pre-index refers to the 6-month period before index date (date of first liraglutide or insulin prescription)
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insulin (Fig. 2). Differences between treatment
groups were statistically significant in favour of
liraglutide at 6 (p\ 0.001), 12 (p\ 0.05) and 18
(p\ 0.01) months in the 3.5-year follow-up
cohort and at 12 (p\0.05) and 24 (p\ 0.05)
months in the 5-year follow-up cohort.

BMI
The results for mean changes from baseline in
BMI in the 3.5- and 5-year follow-up cohorts are
presented in Fig. 3. Mean improvements

(reductions) from baseline in BMI values were
observed in the liraglutide groups only. Differ-
ences between the liraglutide and insulin
groups were statistically significant in favour of
liraglutide treatment at all follow-up time
points in both the 3.5- and 5-year follow-up
cohorts (p\ 0.001). In patients who initiated
insulin treatment, increases in mean BMI from
baseline were seen at all follow-up time points.

Fig. 2 Mean change from baseline in HbA1c by time at
i 3.5-year follow-up and ii 5-year follow-up. Statistical
comparisons were made between liraglutide and insulin at
each time point. All testing was performed at the 5%
significance level, where *p\ 0.05; **p\ 0.01;

***p\ 0.001. Note: Patient numbers detail the number
of patients with available information/data at each time
point but may not be the same patients at each time point.
HbA1c, glycated haemoglobin

Fig. 3 Mean change from baseline in BMI by time at
i 3.5-year follow-up and ii 5-year follow-up. Statistical
comparisons were made between liraglutide and insulin at
each time point. All testing was performed at the 5%

significance level, where ***p\ 0.001. Note: Patient
numbers detail the number of patients with available
information/data at each time point but may not be the
same patients at each time point. BMI, body mass index
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SBP
The results for mean SBP change over time in
the 3.5- and 5-year follow-up cohorts are pre-
sented in Fig. 4. Mean SBP values were below
baseline at all follow-up time points for patients
in the liraglutide groups. There was no dis-
cernible pattern for patients in the insulin
groups. Statistically significant differences
(p\ 0.05 - p\0.01) in favour of liraglutide
were seen in the 3.5-year follow-up cohort only
at all but the 18-month time point.

Diabetes-Related Complications
Kaplan-Meier comparisons of time to first
T2DM-related hospitalisation (which included
acute hypoglycaemic events) after treatment
initiation are presented for the primary analysis
set in Fig. 5. Patients treated with liraglutide
were less likely to have an early T2DM-related
hospitalisation than patients treated with insu-
lin (3.5-year follow-up hazard ratio [HR]: 0.414
[95% CI 0.263–0.651]; 5-year follow-up HR:
0.448 [95% CI 0.286–0.701]).

Results for hospitalisations due to T2DM-re-
lated disorders or complications in the 3.5- and
5-year follow-up cohorts are presented in
Table S1. Overall, liraglutide-treated patients
had a significantly lower risk of T2DM-related
complications versus insulin-treated patients.
Rate ratios (RRs) of the general incidence of

T2DM-related complications comparing
liraglutide versus insulin treatment were all\
0.500. RRs for specific T2DM-related compli-

cations were in favour of liraglutide for CV
events, amputation, nephropathy and
vitrectomy.

Diabetes-Related Costs

Results for diabetes-related costs at 3.5- and
5-year follow-up for the primary analysis set are
presented in Fig. 6. Inpatient and medical aid
costs were significantly lower for patients who
initiated liraglutide versus insulin treatment at
both 3.5 and 5 years of follow-up. Outpatient
costs were similar at both 3.5- and 5-year follow-
up. T2DM-related medication costs were signif-
icantly higher for patients who initiated
liraglutide versus insulin treatment at both 3.5-
and 5-year follow-up. At 3.5 years’ follow-up,
total costs were lower for patients who initiated
insulin treatment. The cost RR was 1.066 and
was statistically significant (95% CI 1.01–1.12;
p = 0.016). At 5 years’ follow-up, there was no
statistically significant difference in total costs
between treatment groups. The cost ratio was
1.069 (95% CI 0.98–1.13; p[0.100).

Fig. 4 Mean systolic blood pressure by time at i 3.5-year
follow-up and ii 5-year follow-up. Statistical comparisons
were made between liraglutide and insulin at each time
point. All testing was performed at the 5% significance
level, where *p\ 0.05; **p\ 0.01. Note: Patient numbers

detail the number of patients with available informa-
tion/data at each time point but may not be the same
patients at each time point. BL, baseline
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Results of Sensitivity Analysis

Sensitivity analysis results in a subsample of
patients who were treated without the respec-
tive competitor as an add-on for the duration of
the observational period were mostly in accor-
dance with the primary analysis set. One dif-
ference was in respect to diabetes-related costs.
In contrast to the primary analysis set, in the
sensitivity analysis the cost difference reversed
to favour liraglutide at 3.5 years’ follow-up,
although the difference was not statistically
significant. The cost ratio was 0.989 (95% CI
0.93–1.05; p[0.100).

DISCUSSION

To date, there has been a lack of long-term
([2 years’ follow-up) T2DM-related cost and
clinical effectiveness data for patients newly
initiating liraglutide versus insulin therapy,
especially in Europe. Therefore, the main
objective of this study was to collect these data
for patients treated in routine German clinical
practice, using PSM to offset confounding.

In terms of clinical effectiveness, both
liraglutide and insulin treatment were associ-
ated with mean improvements (reductions)
from baseline in HbA1c. There was a tendency

Fig. 5 Comparison of time to first diabetes-related
hospitalisation after treatment initiation at i 3.5-year
follow-up and ii 5-year follow-up. Note: Patient numbers

detail the number of patients with available informa-
tion/data at each time point but may not be the same
patients at each time point

Fig. 6 Comparison of T2DM-related treatment costs at i 3.5-year follow-up and ii 5-year follow-up. Cost rate ratios (95%
confidence intervals) and p values for liraglutide:insulin are presented. T2DM, type 2 diabetes mellitus
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towards earlier and greater mean reductions
from baseline in patients who initiated liraglu-
tide versus insulin treatment; differences were
statistically significant in favour of liraglutide
up to 2 years in the 5-year follow-up cohort.
Apparent convergence of control in HbA1c

levels was seen with long-term ([ 2 years)
insulin and liraglutide treatment, possibly con-
sistent with the insulin group intensifying
insulin treatment with time. In the LIBERTY
study, which included patients with T2DM
from the same region of Germany who were
insured by AOK PLUS and initiated liraglutide
or insulin treatment, HbA1c reductions were
greater in the insulin versus liraglutide treat-
ment group at 1 year (- 2.0% versus - 1.2%;
p\0.01); however, mean HbA1c after 1 year was
7.2% in both groups [24]. One potential reason
for the disparity between the LIBERTY study
results and those reported here is that, in the
LIBERTY study, patients with higher baseline
HbA1c levels were more likely to initiate insulin
than liraglutide [24], whereas in the current
study, PSM was able to offset this potential
confounding factor. The mean HbA1c reduc-
tions observed with liraglutide in this study
were similar to those observed with liraglutide
(1.2 mg or 1.8 mg once daily) in the phase 3
LEAD trials (0.6–1.5% points) [14–19, 28] and
with studies conducted in other real-world set-
tings (1.0–1.5% points) [29–31]. Our data show
that liraglutide and insulin are both effective
long-term treatment options for improving
glycaemic control in patients with T2DM.

Consistent with findings from phase 3 clini-
cal trials [14–23, 25], the LIBERTY study [23]
and other observational studies conducted in
Europe [29–31], liraglutide significantly
decreased BMI versus insulin, an effect sus-
tained in the 5-year follow-up cohort in the
current study. Differences in BMI between
liraglutide and insulin groups were statistically
significant in favour of liraglutide at all follow-
up time points (p\ 0.001). Meanwhile, insulin
treatment was associated with increases in
mean BMI at all follow-up time points (up to
5 years). This apparent divergence of control in
BMI over time with liraglutide versus insulin
treatment is possibly consistent with the insulin
group increasing their insulin dose with time.

In line with the LIBERTY study [24], there
appeared to be a neutral effect of insulin on SBP.
Reductions in mean SBP with liraglutide were
observed in the 3.5-year cohort and were sta-
tistically significant versus insulin at all but the
18-month follow-up time point. In the 5-year
follow-up cohort, in the liraglutide group, mean
SBP decreased from baseline at all follow-up
time points; however, a similar effect was noted
in the insulin group, and there were no statis-
tically significant differences between treatment
groups. It should be noted that the current
study did not control for the addition of dif-
ferent antihypertensive medicines, and the
clinical relevance of the maximum (4 mmHg)
reduction in mean SBP achieved with liraglutide
remains to be determined. However, a rela-
tionship between elevated SBP and the inci-
dence of CV events in patients with T2DM has
been established [32]. Therefore, any reduction
in SBP is likely to contribute to a reduction in
the risk of CV complications in this patient
population.

In terms of hospitalisations due to diabetes-
related complications, in this claims database
study, liraglutide-treated patients had a signifi-
cantly lower risk of hospitalisations versus
insulin-treated patients (3.5-year follow-up HR:
0.414 [95% CI 0.263–0.651]; 5-year follow-up
HR: 0.448 [95% CI 0.286–0.701]). Positive
effects of liraglutide on CV outcomes in patients
with T2DM at high risk of CV events have been
previously reported. In the LEADER trial,
liraglutide added to standard of care (compared
with placebo) reduced the risk of major adverse
CV events including CV death, non-fatal
myocardial infarction and non-fatal stroke [25].

Limited evidence has been published
regarding the long-term costs of liraglutide
versus insulin. Studies to date have been up to
1 year in duration and conducted in the US
[33–35], where significant differences in the
health system exist compared with Germany.
Similarly, most published studies of other GLP-1
receptor agonists versus insulin were mainly
conducted in the US and lasted up to 1 or
2 years [36–40]. The use of short-term studies to
assess the value of an intervention designed to
impact disease progression over intervals of
years is of limited utility.
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In the current analysis, at 5 years’ follow-up,
there was no statistically significant difference
in total costs between the liraglutide and insu-
lin treatment groups. At 3.5 years’ follow-up,
the higher T2DM-related medication cost
observed in the liraglutide group compared
with the insulin group could not be totally
offset by the significantly lower inpatient and
medical aid costs in the liraglutide group.
However, in the sensitivity analysis, the total
costs for insulin were non-significantly higher
at 3.5 years’ follow-up. This could be due to
there being fewer hospitalisation costs for
events such as hypoglycaemia in the liraglutide
group after the exclusion of patients also taking
insulin.

STUDY LIMITATIONS

Observational studies are vulnerable to bias and
confounding, especially in terms of participant
selection, differences in data capture and
reporting over the long-term duration. The
current claims data study was designed to
minimise selection bias, implemented quality
assurance steps for data collection and adopted
an appropriate analysis. A potential limitation is
that the patients were all within a defined
region of Germany and insured by one health-
care provider, and this could limit the general-
isability of the findings to other regions or
settings. Moreover, costs were based on list
prices, and no specific rebates were taken into
account. A further limitation is that this study
did not differentiate between insulin regimens
during follow-up or account for the varying
costs between different insulins in the cost
analysis. Use of concomitant medications dur-
ing follow-up was not considered in the analy-
ses. However, as this study investigated
diabetes-related effectiveness in a real-world
setting, the use of concomitant medications in
the two groups will likely reflect the use of these
medications in routine clinical practice and
will, therefore, make the results of this study
more relevant and applicable to a real-world
setting. The PSM included a comprehensive
suite of variables to ensure that patients were
well matched based on baseline health status

and other factors likely to confound outcomes.
Variables such as socioeconomic status, marital
status, educational attainment and smoking
were not included in the PSM, however, and it is
possible that these factors could have had a
confounding effect. Additionally, the study
sample size was relatively small and the mean
BMI in the overall study population was
35.9 kg/m2, which is relatively high compared
with that in other European studies in patients
with T2DM. In two retrospective claims data
analyses of 284,878 and 228,703 German
patients, mean BMI was 30.6 kg/m2 and
30.2 kg/m2, respectively [41, 42]. In an obser-
vational study in Belgium, mean BMI was
33.9 kg/m2 [30]. This could limit the generalis-
ability of these findings. However, in an obser-
vational study carried out in Spain in patients
with T2DM, the mean BMI was higher than in
this study, at 38.6 kg/m2 [31]. The high BMI of
patients in this study likely reflects that
liraglutide was being chosen for more over-
weight patients and that the PSM would then
select the most overweight insulin-treated
patients to achieve pairings.

CONCLUSION

This study demonstrates that the clinical effec-
tiveness of liraglutide is maintained long term
(up to 5 years), and clinical outcomes were
better with liraglutide than with insulin treat-
ment. Liraglutide treatment was associated with
lower healthcare costs, but higher drug costs. At
5 years of follow-up, there was no statistically
significant difference in total costs between
treatment groups, and sensitivity analysis of the
3.5-year cohort gave the same result. These
findings suggest that liraglutide is a suitable op-
tion for intensifying T2DM treatment following
one or more oral antidiabetic drugs and is
effective long term.
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