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ABSTRACT

Introduction: Based on existing data regarding
the durability of liraglutide in type 2 diabetes,
this study aimed to assess its long-term

effectiveness at 5 years and its overall impact on
cardiovascular (CV) risk.
Methods: This was a multicenter retrospective
observational study. Liraglutide was used under
routine clinical practice conditions. Changes
from baseline to 60 months in HbA1c, fasting
plasma glucose (FPG), body weight, blood
pressure, and lipid profile were assessed. United
Kingdom Prospective Diabetes Study (UKPDS)
scores were calculated at baseline and after
60 months to assess changes in the estimated 5-
and 10-year risk for fatal and nonfatal coronary
heart disease (CHD) and fatal and nonfatal
stroke.
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Results: Overall, 103 patients (age 59.0 ±

7.9 years, diabetes duration 10.4 ± 6.8 years)
were involved in the study. After 60 months,
HbA1c levels were reduced by - 1.0 ± 1.2%,
FPG levels by - 24.5 ± 43.4 mg/dl, body weight
by - 5.3 ± 6.4 kg, systolic blood pressure by
- 6.5 ± 18.5 mmHg, diastolic blood pressure by
- 3.6 ± 11.8 mmHg, and total cholesterol by
- 16.9 ± 37.4 mg/dl. The proportion of
patients achieving HbA1c levels of \ 7%
increased from 12.7% to 39.8% (p = 0.02). Based
on the UKPDS scores, statistically significant
reductions in the 5- and 10-year risk of nonfatal
CHD and fatal CHD were found, with no
change in the 5- and 10-year risk of fatal and
nonfatal stroke.
Conclusion: In patients prolonging treatment
with liraglutide for 5 years, the benefits in rela-
tion to metabolic control and CV risk factors are
maintained. The UKPDS risk scores suggest that
liraglutide is associated with a reduced CHD
risk, but not with a reduced stroke risk.

Keywords: Cardiovascular risk; Liraglutide; Lo-
ng-term effectiveness; Type 2 diabetes

INTRODUCTION

Liraglutide is a recombinant analogue of native
human GLP-1 used as therapeutic option in
type 2 diabetes (T2DM). Liraglutide has shown,
in addition to glycemic effects, a well-docu-
mented series of actions on extraglycemic sys-
tems that are critical to diabetes therapy [1, 2].

In various studies, the use of liraglutide alone
or in combination with other oral hypo-
glycemic agents (OHAs) was found to be asso-
ciated with statistically significant reductions in
HbA1c, ranging from - 0.6% to - 1.6%, and in
fasting plasma glucose (FPG), ranging from
- 13 to - 43 mg/dl. Liraglutide was also asso-
ciated with a significant reduction in body
weight, ranging from - 1.0 to - 3.2 kg,
depending on the dose administered. Observed
reductions in systolic blood pressure (SBP) range
from - 0.6 to - 6.7 mmHg [2–7]. Reductions in
SBP are observed early, after just 2 weeks of
treatment with liraglutide, irrespective of
weight loss [8]. In addition, the lipid profile was

found to improve in patients treated with
liraglutide [2, 9].

Given its impact on these main markers of
cardiovascular (CV) risk in T2DM, liraglutide
can clearly help to reduce CV risk in T2DM
patients [10, 11].

These assumptions were recently confirmed
by the LEADERTM cardiovascular outcomes trial
[12], which demonstrated the CV safety profile
of liraglutide used in combination with oral
antidiabetic drugs and/or insulin. Compared to
placebo, liraglutide significantly reduced (by
13%) the incidence of the primary endpoint
(major adverse cardiac events—MACE: CV
death, nonfatal myocardial infarction, nonfatal
stroke).

All available studies of liraglutide—both
randomized clinical trials (RCTs) and real-world
evidence (RWE) research—consistently show
improvements in metabolic control and CV risk
factors with the use of this drug, and underline
the reproducibility of relevant experimental
data in the real world [13, 14]. However, none
of those studies included more than 3.5 years of
follow-up data.

Based on existing data regarding the dura-
bility of the drug, the aim of our study was to
assess if liraglutide maintains its long-term
effectiveness in relation to metabolic control
and CV risk factors even after 5 years of
treatment.

METHODS

This was a multicenter retrospective observa-
tional study carried out at ten sites in the
Veneto and Trentino Alto Adige regions of
Northeast Italy. All procedures followed were in
accordance with the ethical standards of the
responsible committee on human experimen-
tation (institutional and national) and with the
Helsinki Declaration of 1964, as revised in 2013.
Informed consent was obtained from all
patients before they were included in the study.

Inclusion criteria were:
• Previous diagnosis of T2DM
• Initiation of treatment with liraglutide due

to inadequate metabolic control (HbA1c
C 7.5% or 53 mmol/mol) during the
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calendar year of 2011, with therapy main-
tained until at least September 2016

• Male and female patients
• At least one annual follow-up visit in the

60 months following therapy initiation
The exclusion criteria for liraglutide therapy

initiation were:
• Acute or infectious disease
• Established or suspected neoplastic disease
• Clinical history of acute pancreatitis
• Pregnancy (also suspected) or breastfeeding
• Generic contraindications to treatment with

liraglutide
The following baseline parameters were col-

lected: age, sex, weight, body mass index (BMI),
systolic and diastolic blood pressure, lipid pro-
file (total cholesterol, HDL cholesterol, and
triglycerides), duration of diabetes, FPG, HbA1c,
creatinine, and glucose-lowering therapies.

In accordance with the European technical
data sheet for liraglutide and the indications of
the Italian Medicines Agency (AIFA), liraglutide
was prescribed at an initial dose of 0.6 mg/day,
which was subsequently increased to 1.2 mg/day
after the first 7 days of treatment, and then pos-
sibly to 1.8 mg/day in the case of inadequate
glycemic control.

The follow-up data at 60 months after base-
line considered in the analysis were: HbA1c, FPG,
weight, BMI, blood pressure, and lipid profile.

All of the data were extracted directly by the
investigators from the electronic clinical records
of the individual sites and added to a unified
database. All consecutive patients who started
liraglutide during 2011 were included in the
study to minimize the selection bias.

Statistical Analysis

Values of continuous variables are expressed
below as the mean ± standard deviation (SD),
and values of categorical variables are presented
as frequencies (%).

Baseline and follow-up information was used
to calculate the UKPDS scores [15, 16], which
were employed to assess the changes in the 5-
and 10-year risk for fatal and nonfatal coronary
heart disease (CHD) and fatal and nonfatal
stroke.

Longitudinal comparisons in terms of meta-
bolic control, blood pressure, lipid profile, body
weight, and UKPDS scores were performed
using the paired Student’s t test or the Wilcoxon
signed-rank test, respectively, for normal and
non-normal variables. Analyses were performed
on the overall sample and stratified by the
change in UKPDS score for the 10-year risk of
nonfatal CHD (i.e., any improvement from
baseline to 60 months vs. no change or
worsening).

p\0.05 was considered to indicate a statis-
tically significant difference. The software SPSS
ver. 20 was used to carry out all of the statistical
tests.

RESULTS

Overall, 103 patients were involved in the
study. Baseline characteristics are reported in
Table 1. The mean age was 59.0 (± 7.9) years,
52.4% were men, and the mean duration of
diabetes was 10.4 (± 6.8) years.

After 5 years of treatment with liraglutide,
statistically significant improvements were
obtained in the following clinical outcomes:

Table 1 Baseline characteristics

Variable Value

Age, years 59.0 ± 7.9

Gender, %

Males 52.4

Females 97.6

Diabetes duration, years 10.4 ± 6.8

Creatinine, mg/dl 0.9 ± 0.2

Smoking status, %

Current smokers 19.4

Ex-smokers 26.2

Never smoked 54.4

Atrial fibrillation, % 4.8

Data are presented as the mean and standard deviation or
the frequency (%)
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HbA1c level was reduced by - 1.0 ± 1.2%, FPG
level by - 24.5 ± 43.4 mg/dl, body weight by
- 5.3 ± 6.4 kg, SBP by - 6.5 ± 18.5 mmHg,
DBP by - 3.6 ± 11.8 mmHg, and total choles-
terol by - 16.9 ± 37.4 mg/dl. The proportion of
the patients achieving HbA1c levels of \ 7%
increased from 12.7% to 39.8% (p = 0.02)
(Table 2 and the Electronic supplementary
material).

Concomitant medications associated with
liraglutide at the start of treatment were as fol-
lows: 93.1% of patients were treated with met-
formin, 47.1% with a sulfonylurea, 30.4% with
basal insulin, and 6.9% with a thiazolidinedione.
In addition, 18.6% of patients switched from a
dipeptidyl peptidase-4 inhibitor and 4.9% from
another GLP-1 receptor agonist. After 5 years of
treatment with liraglutide, 96% of patients were
treated with metformin, 43% with a sulfony-
lurea, 22% with basal insulin, and 7% with a
thiazolidinedione. Treatment regimens at base-
line and at 60 months are shown in Fig. 1.

After 1 year of treatment, 59% of patients
were treated with a liraglutide dose of
1.2 mg/day and 35% of patients with a dose of
1.8 mg/day. After 5 years of treatment, 83% of
patients were treated with 1.8 mg/day, 16%
with 1.2 mg/day, and 1% of patients with
0.6 mg/day.

UKPDS scores at baseline and after
60 months of treatment with liraglutide are
shown in Table 3. Statistically significant
reductions in the 5- and 10-year risk of nonfatal
CHD and fatal CHD were found, while a neutral
effect on the 5- and 10-year risk of fatal and
nonfatal stroke was documented.

Regarding the factors that could positively or
negatively impact CHD and stroke risk, it was
noted that, compared with patients who did not
show a benefit of liraglutide according to their
UKPDS scores, patients who had a reduction in
the 10-year risk of nonfatal CHD (n = 49) had a
greater reduction in HbA1c (- 1.3 ± 1.3% vs.
- 0.64 ± 0.99%; p = 0.005), a greater reduction
in body weight (- 6.7 ± 6.7 kg vs.
- 3.9 ± 5.8 kg; p = 0.028), a greater reduction
in total cholesterol (- 34.8 ± 37.5 mg/dl vs.
- 0.63 ± 31.1 mg/dl; p\ 0.001), and a greater
reduction in systolic blood pressure
(- 13.8 ± 18.1 mmHg vs. ? 0.1 ± 16.4 mmHg;
p\0.001).

DISCUSSION

This study has demonstrated the 5-year effec-
tiveness of liraglutide in T2DM and confirmed
the drug’s durability in patients who respond

Table 2 Changes in clinical outcomes after 5 years of liraglutide treatment

Variable Baseline 5 years Delta p value

HbA1c, % 8.3 ± 1.2 7.4 ± 0.8 - 1.0 ± 1.2 \ 0.001

HbA1c\ 7%, % 12.7 39.8 27.1 0.02

FPG, mg/dl 164.3 ± 34.6 139.8 ± 32.3 - 24.5 ± 43.4 \ 0.001

Weight, kg 102.8 ± 20.4 97.5 ± 1.9 - 5.3 ± 6.4 \ 0.001

BMI, kg/m2 36.2 ± 6.3 34.2 ± 6.0 - 1.98 ± 2.3 \ 0.001

SBP, mmHg 138.8 ± 16.0 132.3 ± 16.6 - 6.5 ± 18.5 0.001

DBP, mmHg 81.3 ± 10.0 77.7 ± 9.2 - 3.6 ± 11.8 0.003

Total cholesterol, mg/dl 183 ± 34.9 146.7 ± 77 - 16.9 ± 37.4 \ 0.001

HDL cholesterol, mg/dl 47.3 ± 13.2 47.5 ± 13.7 0.2 ± 9 0.79

TG, mg/dl 157.7 ± 73.6 146.7 ± 77.1 - 11 ± 69.9 0.11

Data are the mean and standard deviation or the frequency (%)
FPG fasting plasma glucose, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, TG
triglycerides
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positively to therapy. Statistically significant
and clinically relevant improvements in meta-
bolic control, obesity indices, blood pressure,
and lipid profile with liraglutide have previ-
ously been documented. Similar results were
also obtained in this cohort without the need to
substantially intensify the glucose-lowering
therapy. Indeed, the proportion of patients who
were being treated with insulin in association
with liraglutide (with or without other OHAs)
had decreased by over 10% after 5 years of
liraglutide treatment. Furthermore, 83% were
being treated with the maximum dose of
liraglutide (1.8 mg) after 5 years of liraglutide
therapy.

Reductions in the 5- and 10-year risk of fatal
and nonfatal CHD were documented, while no
impact on the 5- and 10-year risk of fatal and
nonfatal stroke was observed.

The improvements in clinical outcomes
obtained in this study are consistent with
experimental and observational studies on
liraglutide [9–20], and it is known that RCTs and
observational studies can be used synergistically
to obtain evidence of the efficacy and safety of
drugs [21]. Recently, preliminary Italian data
obtained 36 months after starting liraglutide
have been published [9, 14]; these data show
that significant improvements in glycemic con-
trol and body weight as well as additional ben-
efits in relation to cardiovascular risk are still
maintained 3 years after starting liraglutide
treatment. In the LEADER study, the follow-up
period was 3.5 years [12]; to the best of our
knowledge, the present study of liraglutide is the
first to include 5 years of follow-up. Before this
study, there were no data on the impact of
liraglutide on UKPDS scores, so a comparison of
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Fig. 1 Concomitant therapies associated with liraglutide at the start of treatment and after 60 months

Table 3 Changes in UKPDS scores after 60 months

Variable CV risk at baseline (mean – SD) CV risk at 60 months (mean – SD) p value

Nonfatal CHD (10 years) 28.2 ± 17.5 20.6 ± 13.5 \ 0.001

Fatal CHD (10 years) 23.2 ± 16.4 16 ± 12 \ 0.001

Nonfatal stroke (10 years) 20.7 ± 21.2 19.5 ± 22.8 ns

Fatal stroke (10 years) 3.2 ± 3,4 2.7 ± 3 ns

Nonfatal CHD (5 years) 13.4 ± 9.8 9.4 ± 6.8 \ 0.001

Fatal CHD (5 years) 10.6 ± 9 6.9 ± 5.8 \ 0.001

Nonfatal stroke (5 years) 9.1 ± 13.4 9.4 ± 16.7 ns

Fatal stroke (5 years) 1.4 ± 2.05 1.3 ± 2.1 ns
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the UKPDS scores in the present work with cor-
responding data in a previous study is not pos-
sible. However, in line with the LEADER study,
the results of our study suggest that cardiovas-
cular protection is plausible and can be achieved
through improved control of risk factors inclu-
ded in the UKPDS risk engine. In addition, there
is increasing preclinical evidence of a positive
action of liraglutide on the CV system,
endothelial function, and the expression of
mediators of systemic inflammation [11, 22].
Further studies are needed to clarify the mech-
anisms underlying the cardiovascular role of the
drug. Based on UKPDS scores for fatal and non-
fatal stroke, no benefits of liraglutide were doc-
umented. We hypothesize that the main risk
factors for stroke in type 2 diabetes are age,
hypertension, and the presence of atrial fibril-
lation [23]. Other evidence suggests that the
improved glycemic balance achieved with
liraglutide has a positive effect on the risk of
CHD but not on the risk of stroke [24].

Our study has strengths and limitations. The
main strengths of the present analysis are the
long follow-up period and multicenter design,
which allow it to provide important informa-
tion on the long-term effectiveness of liraglu-
tide. As for limitations, the study has a
retrospective design and was based on the col-
lection of data already recorded in electronic
medical records. As such, the completeness of
the information was influenced by the attitude
of each center towards recording clinical data in
a standardized format suitable for statistical
analyses. Furthermore, as it is focused on
assessing the effectiveness of liraglutide over
5 years, the study lacks a control group. Never-
theless, given the observational nature of the
study, the selection of any control group would
have been prone to selection bias. Finally, the
results of our study can only be applied to
patients who show a positive response to
liraglutide, which would permit the prolonga-
tion of the treatment for 5 years.

CONCLUSIONS

In this real-life retrospective observation of 103
patients with T2DM who received liraglutide

under routine clinical practice conditions, the
durability of the effect of this drug on metabolic
control and CV risk factors was documented
after 5 years of treatment. All of these benefits
translate into reductions in the 5- and 10-year
risk of fatal and nonfatal CHD, as summarized
by UKPDS risk score changes, but not into risk
reductions for fatal and nonfatal stroke.
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