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ABSTRACT

Introduction: Glucagon-like peptide-1 (GLP-1)
receptor agonists (RAs) are recommended ther-
apy for type 2 diabetes (T2DM) and liraglutide is
the most used worldwide. We assessed the gly-
cemic efficacy and extra-glycemic effects of
liraglutide during 36 months’ follow-up of
individuals with poorly regulated T2DM under
routine clinical practice and sought to identify
the phenotype of treatment responders.
Methods: A total of 207 individuals were
included. The primary endpoint was the pro-
portion of participants with HbA1c\7.0% and/

or weight reduction. Secondary endpoints
included changes in lipids, blood pressure,
fasting c-peptide, and antidiabetic treatment
during follow-up of 3 years.
Results: Liraglutide was prescribed to 89.8% of
participants already on at least two antidiabetic
medications and 18% on insulin. Subject’s
mean age was 53.28 ± 9.42 years with duration
of diabetes 8.29 ± 4.89 years. Baseline HbA1c
was 8.5 ± 1.3% and body mass index (BMI) was
39 ± 4.5 kg/m2. Reduction of HbA1c was
observed in 84.4% of participants, and 89.2%
experienced average weight reduction of 5 kg. A
composite outcome (reduction of HbA1c with
any weight loss) was achieved in 76.2% of
patients. After 6 months on liraglutide treat-
ment, 38.1% of participants achieved target
HbA1c level \7%. This effect was maintained
for 36 months in 50.8% of subjects. Increase in
c-peptide was evident after 24 months
(p = 0.030). Participants experienced a signifi-
cant reduction in systolic blood pressure (BP)
(p = 0.003), while there was no effect on dias-
tolic BP, lipid profile, or liver enzymes. The
number of participants treated with sulfony-
lurea decreased from 60.8% to 17.5%, while the
number treated with insulin and sodium-glu-
cose co-transporter-2 (SGLT-2) inhibitor
increased (17.6% to 24.6% and 2.5% to 36.8%,
respectively). Independent predictors of dura-
bility of HbA1c reduction were initial BMI
(p = 0.004), HbA1c (p\0.001), systolic BP
(p = 0.007), and cholesterol (p = 0.020).
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Moreover, female gender and shorter duration
of diabetes were independent predictors for
HbA1c reduction.
Conclusion: Liraglutide shows sustained gly-
cemic and extra-glycemic effects when used for
treatment of obese poorly regulated individuals
with T2DM.

Keywords: Extra-glycemic effects; GLP-1;
Glycemic control; Liraglutide; Real-life clinical
practice; Type 2 diabetes; Weight loss

INTRODUCTION

Good glycemic control is the aim in type 2
diabetes treatment, and if implemented early it
is associated with the prevention and/or delay
of chronic micro- and macrovascular compli-
cations [1]. Recently, the importance of a
patient-centered approach has been empha-
sized, which could include the possibility to
address the extra-glycemic targets in diabetic
patients, including weight, cardiovascular risk
factors, and beta cell preservation [2–4]. In this
context, glucagon-like peptide-1 receptor ago-
nist (GLP-1RA) therapy represents the opportu-
nity for individuals with type 2 diabetes
mellitus to reach glycemic targets without
hypoglycemia, and with additional benefits
primarily related to weight loss. Liraglutide is a
once daily GLP-1RA with proven efficacy and
safety through the LEAD clinical trial program
[5–10]. The majority of included patients in the
LEAD program were obese, had long duration of
disease, and added comorbidity. Results sug-
gested the potential for an HbA1c decrease of
1.5%, with low risk of hypoglycemia, reduction
of weight (-1.7 kg), and were all more pro-
nounced when liraglutide was added during
earlier stages of the disease [11]. Moreover,
published data from the LEADER randomized
control trial suggest cardiovascular benefit with
liraglutide added to treatment of individuals
with high cardiovascular risk [12]. In the real
world, however, liraglutide is mainly suggested
as a second- and third-line therapeutic agent by
different national and international diabetes
associations [13]. Nonetheless, data from clini-
cal practice, following patients from 6 to up to

24 months, suggest its favorable effect in the
majority of patients either with weight loss or
HbA1c reduction. We analyzed the characteris-
tics and long-term treatment success data for
207 patients in Croatia on liraglutide treatment
as an add-on to standard of care. In Croatia,
liraglutide was launched in September 2013,
and according to national health insurance
policy it is reimbursed when added to individ-
uals with type 2 diabetes failing glycemic targets
on at least two antidiabetic agents, whose BMI
exceeds 35 kg/m2.

The aim was to investigate whether the effi-
cacy of liraglutide observed in randomized
controlled trials (RCTs) translates into thera-
peutic benefits in the Croatian population dur-
ing routine clinical practice and follow-up
period of 36 months.

METHODS

This observational, retrospective, multicenter
study included adults with type 2 diabetes who
had liraglutide added to the treatment after failure
of at least two antidiabetic agents. Patients were
recruited from six tertiary and secondary hospital
centers in Croatia (Zagreb, Osijek, and Čakovec).
All procedures followed were in accordance with
the ethical standards of the responsible commit-
tee onhuman experimentation (institutional and
national) and with the Helsinki Declaration of
1964, as revised in 2013. Ethical approval was
obtained at participating centers. Electronic
records are kept for all individuals treated with
liraglutide, and for the purposes of this research
data were extracted by treating physicians. All
centers participated in patient enrollment
equally, thus limiting the recruitment bias.
Included for further analysis were data from
individuals with type 2 diabetes and poor gly-
cemic control (HbA1c[7%), with available data
on weight, BMI, blood pressure, aminotrans-
ferases, lipid profile, and fasting c-peptide levels.
Excludedwere patients treatedwith liraglutide for
less than 6 months. Adherence to liraglutide was
evaluated by physicians on the basis of what
patients reported and clinical judgment. For all
patients, the following data were collected at
baseline and control visits: age, duration of
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diabetes, sex, diabetic medications, HbA1c,
weight, height, BMI, systolic and diastolic blood
pressure, fasting and postprandial blood glucose
levels, creatinine, aminotransferases (ALT, AST),
lipid profile (total cholesterol, LDL-cholesterol,
HDL-cholesterol, triglycerides), and where avail-
able fasting c-peptide levels. The fasting blood
glucose levels, HbA1c, lipid profile, aminotrans-
ferases, and c-peptide levelsweremeasured before
follow-up visit in laboratories using standardized
methods for quantification, while postprandial
blood glucose was measured by patients as a part
of self-monitoring of blood glucose (SMBG).
Blood pressure and weight were collected at each
follow-up visit; no control is available with regard
to the scales and blood pressuremonitors used for
these measurements. Liraglutide titration started
with dose of 0.6 mg sc once daily for a week, fol-
lowed by 1.2 mg sc once daily, followed by a
maximal dose of 1.8 mg daily. The time frame for
dose escalation from1.2 to 1.8 mgdailywas at the
physician’s discretion, but not shorter than a
week. Participants were followed during outpa-
tient visits after 6, 12, 18, 24, and 36 months.
Changes in HbA1c, fasting blood glucose (FBG),
postprandial blood glucose (PPG), weight, BMI,
blood pressure, aminotransferases, lipids, and
fasting c-peptide levels were assessed and ana-
lyzed. Moreover, an evaluation of the mainte-
nance dose of liraglutide and changes in
combined antidiabetic treatments was investi-
gated. The primary study endpoint was the pro-
portionofparticipantswithHbA1c\7.0%and/or
BMI reduction. Secondary endpoints included
changes in lipids, blood pressure, fasting c-pep-
tide, and antidiabetic treatment during follow-up
of up to 3 years.

Statistical Methods

Descriptive statisticswasused todescribe thebasic
features of the sample in a study (relative fre-
quencies for categorical data, and mean± stan-
dard deviation for normally distributed
continuous variables, ormedian and interquartile
range for variables deviating from normal distri-
bution). Binary or categorical outcome variables
were analyzed with Chi square test when testing
fordifferences inobserved frequencies. For testing

statistical significance of differences between
independent groups, ANOVA was used whenever
variancewashomogenous (testedbyLevene’s test
of equality of variances). For repeated measures
(paired samples) paired t test for two measure-
ments and repeated-measures ANOVA (one-way
and two-way repeatedmeasuresANOVA) for three
or more measurement points were used. Binary
logistic regression was used to identify predictors
increasing odds for HbA1c reduction (binary
dependent variable), and linear regression analy-
sis was used when the dependent variable was
measured on a continuous scale. Most baseline
characteristics were included in the regression
analysis model. Variables were entered and pair-
wise method was used for treating missings (ex-
traced varible by varible). All statistical
comparisons are two-tailed and they were con-
sidered significant at the p\0.05.

RESULTS

Participants’ Characteristics

A total of 207 adults with type 2 diabetes were
included in the present analysis. There were 95
(45.9%) men and 112 (54.1%) women, mean age
53.28 ± 9.42 years, who had liraglutide added to
the treatmentafter anaverageof8.29± 4.89 years
of diabetes duration. Baseline HbA1c was
8.5 ± 1.3%,with average BMI 39± 4.5 kg/m2.We
included patients who were treated with liraglu-
tide for at least 6 and up to 36 months. Therewere
71.0% of subjects who were followed for
6 months, 66.7% for 12 months, 61.8% for
18 months, 39.1% for 24 months, and 29.5% for
36 months. The majority of participants received
1.8 mg doses of liraglutide (64.9% vs 33.8% on
1.2 mg dose). Baseline characteristics of partici-
pants are summarized in Table 1. Before initiating
liraglutide, 182 (88%) were on metformin, 123
(59%) on sulfonylurea, 94 (45%) on dipeptidyl
peptidase-4 (DPP-4) inhibitors, and a small num-
ber (5%) were switching to liraglutide from exe-
natide, 5 participants (2%) received sodium-
glucose co-transporter-2 inhibitors (SGLT-2i),
while 38 (18%) were on insulin before liraglutide
initiation. As many as 185 (89.8%) participants
were on a combination therapy of two and three
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antidiabetic agents, anda smallproportion (3.4%)
received four antidiabetic agents prior to liraglu-
tide introduction.

Glycemic Efficacy, Weight Reduction,
and Effect on Extra-Glycemic Parameters

Parameters of glucoregulation and extraglycemic
parameters includingbloodpressure, lipidprofile,
and liver enzymes after a follow-up period of
36 months are presented in Table 1. Repeated-
measures ANOVA shows a statistically significant
decrease in HbA1c, FBG, and PPG in all time
points during the follow-up period (p\0.001).
Theposthoc test showsa significantdecrease after
3 months compared to the baseline (p\0.001)

that is maintained at all other time points
(p\0.01 for all) (Fig. 1). Average reduction of
HbA1c after 6 months was 1.27%, with further
gradual decrease over time, and after 36 months
of treatment it reached a reduction of 1.34%
(Fig. 2). A statistically significant decrease in BMI
was observed during a period of 36 months
(p\0.001) with significant decrease after
3 months compared to the baseline (p\0.001)
that is maintained at all other monitoring points
(all p\0.05). Body weight reduction showed the
same trend; after 6 months of treatment average
weight loss is 5 kg, reaching 7 kg after 36 months
of treatment (Fig. 2).

A significant increase in fasting c-peptide was
also present; however, it was visible 24 months
after the initiation of liraglutide (p = 0.030).

Table 1 Parameters of glucoregulation, including blood pressure, lipid profile, and liver enzymes after follow-up period of
36 months

Baseline After
6 months of
treatment

After
12 months of
treatment

After
18 months of
treatment

After
24 months of
treatment

After
36 months of
treatment

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

BMI, kg/m2 39.02 4.46 36.71* 3.86 36.38* 3.70 36.49* 3.57 36.38* 3.48 36.49* 3.30

HbA1c % 8.49 1.29 7.32* 0.97 7.27* 1.06 7.26* 1.08 7.39* 1.32 7.06* 0.85

FBG, mmol/l 10.17 2.86 7.69* 2.28 7.57* 1.86 7.38* 1.75 7.85* 2.61 7.19* 1.66

PPG, mmol/l 11.85 3.07 9.35* 2.17 9.07* 2.59 8.59* 2.15 8.67* 1.94 8.30* 1.26

Cholesterol,

mmol/l

5.09 1.09 4.79 0.97 4.76 1.01 4.60 0.91 4.78 0.96 4.61 0.63

HDL, mmol/l 1.21 0.43 1.19 0.31 1.14 0.29 1.19 0.24 1.20 0.26 1.13 0.28

LDL, mmol/l 3.04 0.98 2.78 0.88 2.80 0.88 2.81 0.79 3.08 2.66 2.78 0.77

Triglyceride,

mmol/l

2.60 2.20 1.97 0.98 2.02 0.93 1.91 0.70 1.98 1.16 1.97 0.73

AST, mmol/l 29.55 13.07 25.58 10.97 25.36 10.65 27.57 9.73 23.93 11.17 23.14 7.23

ALT, mmol/l 36.97 16.15 32.19 17.36 30.20 15.56 31.07 13.68 30.86 17.57 30.95 9.48

C-peptide 1.19 0.53 1.39 0.55 1.47 0.48 1.59 0.41 1.56* 0.47 1.69* 0.32

Systolic BP,

mmHg

142.97 14.05 134.41* 10.26 135.13* 9.72 132.98* 10.88 138.01 10.63 133.51* 8.96

Diastolic BP,

mmHg

86.68 12.86 82.17 10.79 82.93 8.34 82.47 8.48 85.41 7.49 84.36 8.78

* p\ 0.05
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There were no significant differences in total
cholesterol, LDL, HDL, and triglyceride levels as
well as liver enzymes. When analyzing blood
pressure values, there was a significant reduc-
tion in systolic BP (p = 0.003). Reduction was
already present after 3 months (p = 0.032) and,

although this reduction was not maintained at
all measurement points, systolic BP was signifi-
cantly lower after 36 months compared to
baseline (p = 0.006). Changes in diastolic BP
were not statistically significant. A series of
two-way ANOVAs was used to check the effect
of age and duration of diabetes on the regula-
tion of the observed parameters. There was no
significant interaction of duration of diabetes
and age on observed glycemic and extra-
glycemic parameters (data not shown).

Relationship Between Liraglutide
and Other Antidiabetic Drugs

In order to analyze changes in concomitant glu-
cose-lowering therapy, patients were divided into
groups according to background therapy in the
following way: the metformin group was treated
withmetformin asmonotherapy at baseline, later
in combination with liraglutide; in the insulin
group, patients received insulin in combination
with any other glucose-lowering agent; those
treated with sulfonylurea (SU) in combination
with other oral antidiabetics (OADs) or liraglutide
were assigned to the SU group; subjects treated
with DPP-4i or SGLT-2i in combination with
metforminwere assigned to theDPP-4i or SGLT-2i
group, respectively; those subjects allotted as
other received acarbose or thiazolidinediones in
combination with metformin. Over a period of

Fig. 1 Parameters of glucoregulation over a period of 36 months

Fig. 2 Average decrease of HbA1c and body weight over a
period of 36 months
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36 months, the most noticeable difference was
the reduction in the number of patients treated
with sulfonylurea (from 60.8% to 17.5%). It was
also evident that the number of patients treated
with insulin increased slightly (from 17.6% to
24.6%), with significant increase in the use of
SGLT-2i (from 2.5% to 36.8%). However, the
number of patients treated withmetformin alone
incombinationwith liraglutide initially increased
in the first 6 months (from 3.4% to 22.8%) fol-
lowed by a considerable decrease until the end of
the follow-up period (from22.8% to 14%). Aswas
expected after the introduction of liraglutide, no
patients were treated with DPP-4i.

Potential Predictors of Successful Response
to Liraglutide Therapy

A composite outcome (reduction of HbA1c with
any weight loss) was achieved by 76.2% of total
participants included in the study, reduction of
HbA1c was observed in 84.4% of participants,
while 89.2% of participants experienced weight
reduction (Table 2). In order to define predictors
of response to liraglutide, binary logistic
regression was performed including all baseline
characteristics and only baseline HbA1c and
prior insulin therapy were predictive of suc-
cessful response. However, when we analyzed
for statistically significant predictors of HbA1c
reduction using linear regression analysis,
baseline HbA1c was once again the only

predictor after 6 months of GLP-1RA therapy,
but after 36 months initial BMI (p = 0.004),
HbA1c (p\0.001), systolic BP (p = 0.007), and
initial cholesterol (p = 0.020) were all indepen-
dent predictors of HbA1c reduction (Table 3).

After 6 months on liraglutide treatment
38.1% of our participants achieved target
HbA1c level \7% (Table 2). This effect was
maintained for 36 months, since 50.8% of
patients at the end of the follow-up period were
at the target level (Fig. 3). In this case binary
logistic regression analysis showed that male
patients have 65% less chance of achieving
HbA1c target level after 6 months (OR 0.35, CI
0.14–0.88, p = 0.024). Also, a borderline statis-
tically significant variable was duration of dia-
betes (OR 2.68, CI 0.97–7.40, p = 0.057),
indicating that patients with shorter duration of
diabetes (3–9 years) had more than two and half
times greater chance of reaching HbA1c target
after 6 months compared to those suffering
from diabetes for more than 10 years (Table 4).

DISCUSSION

In this multicenter, observational, retrospec-
tive analysis following participants on
liraglutide from 6 to 36 months, we analyzed
baseline phenotype characteristics of type 2
diabetic individuals that could predict long-
standing glycemic control and weight-loss
maintenance together with additional extra-
glycemic effects. Data from RCTs on liraglu-
tide have shown favorable results in terms of
glycemic control, weight, and recently avail-
able results of CVOT suggest cardioprotective
effects of liraglutide in a high-risk diabetic
patient population [11, 12]. Oftentimes, indi-
viduals with type 2 diabetes in the real-world
setting do not share exact characteristics of
RCT populations, so data from clinical prac-
tice are needed to more closely depict
responders to specific therapy [13].

Until now, real-life studies with follow-up
mainly up to 24 months have shown the effi-
cacy and safety of liraglutide as a valuable
therapeutic option for T2DM treatment [14]. As
in our study, most of the published observa-
tional studies demonstrated significant

Table 2 Percentage of patients achiving reduction in
HbA1c and BMI after period of 6 months

Responders Number Percentage

No decrease in either BMI or

HbA1c

3 2.5

Decrease in both BMI and

HbA1c

93 76.2

Decrease in BMI 109 89.2

Decrease in HbA1c 103 84.4

HbA1c[7 79 61.9

HbA1c B 7.0% 68 38.1

1302 Diabetes Ther (2017) 8:1297–1308



reduction of HbA1c of on average 0.9–2.26%,
which is consistent with LEADER RCT results
where HbA1c reduction ranged from 0.8% to
1.83% [15]. Also, in observational studies, one
third of the patients achieved target HbA1c
B 7%, while as many as 46% of our patients
managed to achieved this goal, as confirmed by
LEADER RCT, where 35–45% of patients
reached the HbA1c target [16].

The composite endpoint, which was defined
as reduction of HbA1c with any weight loss, was
achieved in 76.2% of our patients which is a
rather high percentage compared to the pub-
lished data so far (16.9–47%) [16–18], but the
reason could be a difference in the definition of
composite outcomes since previous studies used
the NICE criteria (percentage of patients with
HbA1c reduction C 1% and weight reduction
C 3%) [19].

Previous studies have shown that liraglutide
has a beneficial effect on body weight inde-
pendent of initial BMI (-1.3 to -8.65 kg), but
the effect is more pronounced if the initial body
mass is greater [16, 20, 21]. In Croatia it is reg-
ulated by national health care providers that
only individuals with BMI over 35 kg/m2 receive
liraglutide treatment without co-payment,
which explains why as many as 89.2% of our
patients had a significant loss of body weight,
on average 5–7 kg [22].

Table 3 Predictors of HbA1c reduction after 36 months
of liraglutide treatment

Linear regression
analysis Model

Standardized
coefficients

Significance

Beta t

1 (Variable)

(Constant) 1.760 0.089

Duration of DM 0.064 0.594 0.557

BMI before

liraglutide

introduction

- 0.314 - 3.188 0.004*

ALT before

liraglutide treatment

- 0.034 - 0.238 0.813

AST before

liraglutide treatment

- 0.243 - 1.737 0.093

HbA1c before

liraglutide

introduction

- 0.790 - 5.762 0.000*

FBG before

liraglutide treatment

- 0.135 - 0.935 0.358

PPG before

liraglutide treatment

0.104 0.792 0.435

C-peptide level

before liraglutide

treatment

0.182 1.704 0.100

Systolic blood

pressure before

liraglutide treatment

0.305 2.893 0.007*

Diastolic blood

pressure before

liraglutide treatment

- 0.087 - 0.879 0.387

Cholesterol level

before liraglutide

treatment

0.610 2.463 0.020*

HDL before

liraglutide treatment

- 0.039 - 0.314 0.756

LDL before

liraglutide treatment

- 0.431 - 1.919 0.065

Table 3 continued

Linear regression
analysis Model

Standardized
coefficients

Significance

Beta t

Triglyceride level

before liraglutide

treatment

0.043 0.379 0.707

TSH before

liraglutide treatment

0.017 0.172 0.865

Age of the patient 0.031 0.310 0.759

Linear regression analysis model; * p\ 0.05
FBG fasting blood glucose, PPG postprandial blood glu-
cose, TSH thyroid stimulating hormone
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Effectiveness of liraglutide and long-term
control over 3 years, which was maintained
regardless of previous therapy (including insu-
lin and SU), has been recently demonstrated
and is also supported by our findings
[15, 20, 23]. In addition, a beneficial effect
regarding systolic blood pressure was also
noted, but there was no effect on lipid profile
observed in other studies [15, 20, 23]. This dif-
ference can be explained by the specific phe-
notype of our participants who all had a BMI
above 35 kg/m2 and statin co-treatment. Hence,
liraglutide’s effect on lipid profile could not be
as pronounced as in other studies including
individuals with type 2 diabetes and BMI rang-
ing from 25 to 40 kg/m2.

C-peptide levels increased with liraglutide
treatment supporting the in vivo and in vitro
evidence of its effect on improvement and
restoration of beta cell function [24, 25].

Meta-analysis of the LEAD program showed
improvement of liver enzymes in individuals
with type 2 diabetes, mainly explained by
weight loss and better glycemic control [26]. In
the LEAN study, liraglutide therapy led to his-
tological improvement of non-alcoholic steato-
hepatitis in T2DM individuals [27]. However,
liraglutide therapy had no effect on liver
enzymes in our study population, but this was
an observational study not designed to primar-
ily observe the effect of GLP-1RA therapy on

liver injury, and other confounding factors
cannot be neglected such as concomitant OAD
and statin therapy.

The most pronounced effect of liraglutide
regarding prior antidiabetic therapy is reduction
in the use of SU and increase in metformin/li-
raglutide combination alone. However, the
majority of patients treated for 36 months nee-
ded therapy intensification either with basal
insulin or SGLT-2i for successful maintenance
of glycemic control and body weight. Quite
surprisingly, in those patients treated for
36 months regardless of therapy intensification,
the decrease in HbA1c and body weight was
more pronounced than in patients treated for
6 months.

Although glycemic control and extra-
glycemic effects of GLP-1RA are impressive, one
of the major problems is how to differentiate
responders from non-responders, and how to
predict which group of individuals will suc-
cessfully respond to liraglutide therapy [28].

Present studies have reported that a short
history of diabetes, baseline HbA1c level, insulin
therapy, and high fasting serum c-peptide at the
treatment initiation may predict response to
GLP-1RA in terms of reducing blood glucose
levels [20, 29–32]. The aforementioned corre-
sponds to our findings where baseline HbA1c is
the strongest predictor of successful response
after a periodof 6 months. It is interesting tonote

Fig. 3 Percentage of patients achieving HbA1c\7% over a period of 36 months
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that prior insulin therapy was associated with
liraglutide effectiveness in reducing HbA1c
which is actually quite the opposite of recent
findings. Again, our patient populationwasquite
specific because of Croatian reimbursement
policies where GLP-1RA cannot be used as a sec-
ond-line treatment, but only a third-line treat-
ment option [22]. Insulin therapy in most cases
represents basal insulin in combination with
other OADs and this effect is probably mediated

by the ability of basal insulin to ‘‘rest’’ the
insulin-producing beta cells and thereby enable
some recovery of the endogenous prandial insu-
lin response [33]. Furthermore, initial BMI,
baseline HbA1c, systolic BP, and initial choles-
terol were independent predictors of maintain-
ing significant HbA1c reduction after 36 months
of therapy. Those baseline characteristics which
are all components of metabolic syndrome have
not been mentioned as potential predictors in
the literature so far and this could only support
the hypothesis that patients with greater body
weight and associated metabolic syndrome ben-
efit most from liraglutide therapy. Moreover,
those with shorter duration of diabetes had two
and half times greater chance of reaching target
HbA1c after 6 months which is in agreement
with previous reports [20, 23]. The probability of
reaching target HbA1c B 7% was significantly
higher in female participants. Interestingly, an
impact of female gender on liraglutide glycemic
effectiveness was also noted by Lecube et al. and
during the INITIATOR study even after adjust-
ment for age, BMI, and duration of diabetes
[34, 35]. Such gender-related differences if simi-
lar to animal models could possibly be related to
differences in regulation of insulin receptors in
satiety centers [36]. Finally, real-world evidence
for long-term effectiveness of other GLP-1RAs
shows that the mentioned therapy is safe and
well tolerated, butwhen comparison analyses are
performed liraglutide is associated with greater
reductions in HbA1c and systolic blood pressure
than other once daily GLP-1RAs [37, 38].

The main limitation of this study is its
non-interventional observational design and
availability of only routine data from everyday
clinical practice. Since data were collected from
registries it is possible that some clinical events
as well as clinical data were omitted which
could influence the interpretation of the per-
formed analysis.

However, this study has significant strengths
such as sample size, duration of follow-up,
availability of large amounts of clinical infor-
mation, and very few exclusion criteria (mainly
those regarding health policy limitations),
making this study analysis applicable to a wide
range of diabetes subjects.

Table 4 Clinical parameters predictive of achieving target
value for HbA1c (B 7%)

Significance OR 95% CI for
EXP(B)

Gender (male) 0.024* 0.355 0.144 ± 0.875

Duration of

diabetes

0.091

Up to 2 years 0.076 4.976 0.847 ± 29.240

3–9 years 0.057* 2.683 0.972 ± 7.404

Age (\65) 0.923 0.956 0.382 ± 2.390

FBG before

liraglutide

treatment (up

to 7mmol)

0.084 4.034 0.830 ± 19.616

PPG before

liraglutide

treatment (up to

11.1 mmol)

0.111 2.080 0.846 ± 5.114

Systolic BP before

liraglutide

(normal\140)

0.240 1.814 0.672 ± 4.900

Diastolic BP

before liraglutide

(normal\90)

0.571 0.764 0.301 ± 1.936

Insulin 0.718 0.783 0.209 ± 2.942

SU 0.560 0.728 0.251 ± 2.115

Incretin 0.165 0.499 0.187 ± 1.331

Constant 0.663 0.670

Linear logistic regression analysis model; * p\ 0.05
FBG fasting blood glucose, PPG postprandial blood glu-
cose, OR odds ratio
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CONCLUSION

The glycemic and extra-glycemic effects of
liraglutide are maintained for up to 3 years
regardless of therapy intensification. A high
percentage of patients, almost half, managed to
achieve HbA1c below 7%, while the majority
managed to lose 5–7 kg on average. Baseline
HbA1c is the strongest predictor of successful
response after a period of 6 months followed by
prior insulin therapy, shorter duration of dia-
betes (less than 10 years), and female gender.
Initial BMI, baseline HbA1c, systolic BP, and
initial cholesterol are independent predictors of
maintaining significant HbA1c reduction after
36 months of therapy. Prior SU therapy does
not adversely affect liraglutide efficacy. These
data refer to a specific population of patients
with BMI over 35 kg/m2 who received liraglu-
tide after failure of two and more agents and
therefore differ somewhat from studies pub-
lished so far which could be helpful in rational
clinical decision-making and cost-effective pre-
scribing of liraglutide.
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M, Bilić-Ćurčić I. Impact of health policy and
practice on finding the best fit for patients with
type 2 diabetes after metformin failure: Croatian
pilot study. Prim Care Diabetes. 2017;11(3):265–72.
doi:10.1016/j.pcd.2017.02.004.

23. Rondinelli M, Rossi A, Gandolfi A, et al. Use of
liraglutide in the real world and impact at 36
months on metabolic control, weight, lipid profile,
blood pressure, heart rate, and renal function. Clin
Ther. 2017;39(1):159–69. doi:10.1016/j.clinthera.
2016.11.001.9.

24. Tamura K, Minami K, Kudo M, Iemoto K, Takahashi
H, Seino S. Liraglutide improves pancreatic beta cell
mass and function in alloxan-induced diabetic
mice. PLoS One. 2015;10(5):e0126003. doi:10.1371/
journal.pone.0126003.

25. Moffett RC, Patterson S, Irwin N, Flatt PR. Positive
effects of GLP-1 receptor activation with liraglutide
on pancreatic islet morphology and metabolic
control in C57BL/KsJ db/db mice with degenerative
diabetes. Diabetes Metab Res Rev.
2015;31(3):248–55. doi:10.1002/dmrr.2608.

26. Armstrong MJ, Houlihan DD, Rowe IA, et al. Safety
and efficacy of liraglutide in patients with type 2
diabetes and elevated liver enzymes: individual
patient data meta-analysis of the LEAD program.
Aliment Pharmacol Ther. 2013;37(2):234–42.
doi:10.1111/apt.12149.

27. Armstrong MJ, Gaunt P, Aithal GP, et al. Liraglutide
safety and efficacy in patients with non-alcoholic

Diabetes Ther (2017) 8:1297–1308 1307

http://dx.doi.org/10.1016/j.clinthera.2014.11.015
http://dx.doi.org/10.1016/j.clinthera.2014.11.015
http://www.nice.org.uk/guidance/ng28/chapter/1-Recommendations%23hba1c-measurement-and-targets
http://www.nice.org.uk/guidance/ng28/chapter/1-Recommendations%23hba1c-measurement-and-targets
http://www.nice.org.uk/guidance/ng28/chapter/1-Recommendations%23hba1c-measurement-and-targets
http://dx.doi.org/10.1016/j.pcd.2017.02.004
http://dx.doi.org/10.1016/j.clinthera.2016.11.001.9
http://dx.doi.org/10.1016/j.clinthera.2016.11.001.9
http://dx.doi.org/10.1371/journal.pone.0126003
http://dx.doi.org/10.1371/journal.pone.0126003
http://dx.doi.org/10.1002/dmrr.2608
http://dx.doi.org/10.1111/apt.12149


steatohepatitis (LEAN): a multicentre, double-blind,
randomised, placebo-controlled phase 2 study.
Lancet. 2016;387(10019):679–90. doi:10.1016/
S0140-6736(15)00803-X.

28. Zander M, Madsbad S, Madsen JL, Holst JJ. Effect of
6-week course of glucagon-like peptide 1 on gly-
caemic control, insulin sensitivity, and beta-cell
function in type 2 diabetes: a parallel-group study.
Lancet. 2002;359:824–30.

29. Nambu T, Matsuda Y, Matsuo K, et al. Liraglutide
administration in type 2 diabetic patients who
either received no previous treatment or were
treated with an oral hypoglycemic agent showed
greater efficacy than that in patients switching from
insulin. J Diabetes Investig. 2012;4:69–77.

30. Kozawa J, Inoue K, Iwamoto R, et al. Liraglutide is
effective in type 2 diabetic patients with sustained
endogenous insulin-secreting capacity. J Diabetes
Investig. 2012;3:294–7.

31. Jones AG, McDonald TJ, Shields BM, et al. Markers
of b-cell failure predict poor glycemic response to
GLP-1 receptor agonist therapy in type 2 diabetes.
Diabetes Care. 2016;39(2):250–7.

32. Khan M, Ouyang J, Perkins K, Nair S, Joseph F.
Determining predictors of early response to exe-
natide in patients with type 2 diabetes mellitus.
J Diabetes Res. 2015;2015:162718.

33. Pennartz C, Schenker N, Menge BA, et al. Chronic
reduction of fasting glycemia with insulin glargine
improves first- and second-phase insulin secretion

in patients with type 2 diabetes. Diabetes Care.
2011;34:2048–53.

34. Lecube A, Gonzalez C, Morales C. Liraglutide in
clinical practice: glycemic control, and predictors of
good response. Med Clin. 2016;146(9):414–7.

35. Thayer S, Wei W, Buysman E, et al. The INITIATOR
study: pilot data on real-world clinical and eco-
nomic outcomes in US patients with type 2 diabetes
initiating injectable. Ther Adv Ther.
2013;30:1128–40.
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