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Aims: To investigate efﬁcacy and safety of dual therapy with liraglutide and metformin in comparison to glimepiride and metformin, and
metformin monotherapy over 2 years in patients with type 2 diabetes.

Methods: In the 26-week the Liraglutide Effect and Action in Diabetes (LEAD)-2 core trial, patients (n = 1091) were randomized (2 : 2 : 2 : 1: 2)
to liraglutide (0.6, 1.2 or 1.8 mg once-daily), placebo or glimepiride; all with metformin. Patients were enrolled if they were 18–80 years old
with HbA1c 7.0–11.0% (previous monotherapy ≥3 months), or 7.0–10.0% (previous combination therapy ≥3 months), and body mass index
≤40 kg/m2 . Patients completing the 26-week double-blinded phase could enter an 18-month open-label extension.
Results: HbA1c decreased signiﬁcantly with liraglutide (0.4% with 0.6 mg, 0.6% with 1.2 and 1.8 mg) versus 0.3% increase with metformin
monotherapy (p < 0.0001). HbA1c decrease with liraglutide was non-inferior versus 0.5% decrease with glimepiride. Liraglutide groups
experienced signiﬁcant weight loss (2.1, 3.0 and 2.9 kg with 0.6, 1.2 and 1.8 mg, respectively) compared to weight gain (0.7 kg) with
glimepiride (p < 0.0001). Weight loss with liraglutide 1.2 and 1.8 mg was signiﬁcantly greater than with metformin monotherapy (1.8 kg;
p = 0.0185 and p = 0.0378 for 1.2 and 1.8 mg, respectively). The occurrence of minor hypoglycaemia was <5.0% in all liraglutide groups,
signiﬁcantly less than with glimepiride (24.0%; p < 0.0001). Liraglutide was well tolerated overall: gastrointestinal events were more common
than with glimepiride or metformin monotherapy, but occurrence decreased with time.
Conclusions: Liraglutide provided sustained glycaemic control over 2 years comparable to that provided by glimepiride. Liraglutide was well
tolerated, and was associated with weight loss and a low rate of hypoglycaemia.
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Introduction
There is general consensus that intervention in type 2 diabetes
should begin with lifestyle changes, as well as metformin
monotherapy at or soon after diagnosis, unless metformin is
contraindicated [1–3]. In practice, as the disease progresses,
oral antidiabetic drugs (OADs) such as sulphonylureas (SUs) or
the thiazolidinedione (TZD) pioglitazone are typically added.
Although these agents improve glycaemic control, they often
cause side-effects such as weight gain or hypoglycaemia. The
most recent recommendations note the need for flexibility
in determining which therapy is added to metformin, and
Correspondence to: Michael Nauck, Diabeteszentrum Bad Lauterberg, Bad Lauterberg im
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particularly the need to take into account both patient- and
therapy-specific factors [1].
Liraglutide is a once-daily human glucagon-like peptide-1
(GLP-1) analogue that has been showed to improve glycaemic
control in type 2 diabetes with the additional benefits of weight
loss and a low risk of hypoglycaemia [4–12]. Liraglutide is
effective as monotherapy [6] as well as in combination with
metformin or SU [4,5,9,10] and in a triple-therapy regimen
with metformin and TZD [7] or metformin and SU [8].
Incretin-based therapies such as GLP-1 receptor agonists and
dipeptidyl peptidase-4 inhibitors are candidates for addition to
metformin in some situations [1–3]. It is therefore important to
understand the performance of liraglutide in combination with
metformin during extended use. Here, we report 2-year results
from the open-label extension of the Liraglutide Effect and
Action in Diabetes (LEAD)-2 study, which evaluates liraglutide
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in combination with metformin versus the SU glimepiride in
combination with metformin, and metformin monotherapy (in
the first 26-week period treatments were blinded, as reported
previously) [5]. The 26-week results from the LEAD-2 trial
showed that 1.2 and 1.8 mg liraglutide plus metformin provided
similar glycaemic control to glimepiride 4 mg plus metformin
(reductions in HbA1c of 1%), but with significantly greater
weight loss and lower incidence of hypoglycaemia [5].

Materials and Methods
The LEAD-2 trial design has been reported previously [5].
Enrolled patients were 18–80 years old with HbA1c 7.0–11.0%
(53–97 mmol/mol; previous OAD monotherapy ≥3 months),
or 7.0–10.0% (53–86 mmol/mol; previous combination OAD
therapy ≥3 months) and body mass index ≤40 kg/m2 . HbA1c
percentages were converted to IFCC units (mmol/mol) using
the equation [HbA1c (%) − 2.15] × 10.929 [13]. At week
0 (baseline), patients were randomized (2 : 2 : 2 : 1 : 2) to
receive liraglutide (0.6, 1.2 or 1.8 mg/day; Novo Nordisk
A/S, Bagsvaerd, Denmark), liraglutide placebo or glimepiride
(4 mg/day; Sanofi, Paris, France). Treatments were given in
combination with metformin (2000 mg/day). Metformin dose
was to be maintained throughout the trial, but could be
decreased to 1500 mg/day if unacceptable hypoglycaemia or
other adverse events occurred. Withdrawal criteria included:
metformin dose <1500 mg or >2000 mg, fasting plasma
glucose (FPG) >13.3 mmol/L after week 8; >12.2 mmol/L after
week 26; >11.1 mmol/L after week 52. After 26 weeks, patients
entered the planned 18-month open-label extension: trial
medication remained stable, but liraglutide and glimepiride
placebos were discontinued.

Assessments and Endpoints
The primary efficacy endpoint for the extension was change in
HbA1c after 2 years. Other endpoints included change in body
weight, FPG, 7-point self-measured plasma glucose profiles,
and measures of β-cell function. Analyses of fasting glucagon,
lipids [cholesterol, triglycerides (TG), free fatty acids and
apolipoprotein B (ApoB)], blood pressure and cardiovascular
markers [high-sensitivity C-reactive protein (hsCRP), plasminogen activator inhibitor-1 (PAI-1) and N-terminal B-type
natriuretic peptide (NT-proBNP)] were undertaken. Safety
assessments included adverse events, physical examination,
vital signs, ophthalmoscopy, electrocardiogram, biochemistry,
haematology, urinalysis and hypoglycaemic episodes. Hypoglycaemic episodes were self-recorded: self-treated episodes with
plasma glucose <3.1 mmol/l were classified as minor; episodes
requiring third-party assistance were classified as major.

Statistical Analysis
Unless specified, efficacy endpoints were analysed using the
intent-to-treat (ITT) population (all randomized patients
exposed to drug). Missing data were imputed using last
observation carried forward (LOCF). Unless specified, efficacy
endpoints were analysed using an analysis of covariance
(ancova) model with treatment, country and previous
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antidiabetic treatment as fixed effects and baseline as the
covariate. Superiority of glycaemic control with liraglutide was
determined if the upper limit of the two-sided 95% confidence
interval (CI) for the treatment difference was <0%, noninferiority was concluded if <0.4%. Significance was p < 0.05.
Change in HbA1c by baseline category was analysed using an
ancova model including country as fixed effect and interaction
between baseline HbA1c and treatment. The proportion of
patients achieving HbA1c targets was compared using a logistic
regression model with treatment as fixed effect and baseline
HbA1c as covariate. The proportion reaching lipid targets
was assessed using chi-squared analysis. Fasting insulin values
were log-transformed and the changes were analysed using an
ancova model with treatment, country and previous treatment
as fixed effects and the log of the baseline value as covariate.
Estimates were back-transformed and presented on the original
scale as geometric mean values with 95% CI.

Results
Participants
A total of 1091 patients were randomized with 1087 exposed to
treatment (ITT and safety populations). Baseline characteristics
were well balanced across groups [5]. The proportions of
patients completing 2 years of treatment were 54, 57 and
49% for the 0.6, 1.2 and 1.8 mg liraglutide + metformin
groups, respectively, and 46% for the glimepiride + metformin
group. Withdrawal rates were highest in the metformin
monotherapy group, with only 25% of patients completing
year 2 (figure 1). The proportions of patients withdrawn
during the initial 26-week trial were 14, 18 and 21%
for the 0.6, 1.2 and 1.8 mg liraglutide + metformin groups,
respectively; 14% in the glimepiride + metformin group and
39% in the metformin monotherapy group. Withdrawal rates
in the liraglutide + metformin and glimepiride + metformin
groups (as a proportion of the ITT population) during
the extension period were: 22, 17, 23 and 30% in the
0.6, 1.2 and 1.8 mg liraglutide + metformin groups and the
glimepiride + metformin group, respectively. The proportion
withdrawing in the metformin monotherapy group during
the extension period was 25% (figure 1).The primary reason
for withdrawal during the extension was ineffective therapy
(according to the pre-defined FPG limits or at the investigators’
discretion): more so in the metformin monotherapy and
glimepiride + metformin groups (18% in both) than in the
liraglutide + metformin groups (12, 10 and 13% with 0.6,
1.2 and 1.8 mg liraglutide + metformin, respectively; figure 1).
Across treatment groups, 1–4% of patients were withdrawn
during the trial extension due to adverse events, 1–3% for
non-compliance with the protocol and 4–7% due to other
reasons (see Table S1 for other reasons for withdrawal during
the extension).

Efﬁcacy
Change in HbA1c. After 2 years, least-squares (LS) mean
HbA1c ± standard error for the ITT population decreased
by 0.4% ± 0.1 with 0.6 mg liraglutide + metformin, and by
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Figure 1. Flow of patients through the study.

0.6% ± 0.1 with 1.2 and 1.8 mg liraglutide + metformin. In the
glimepiride + metformin group, HbA1c decreased 0.5% ± 0.1,
while levels increased 0.3% ± 0.1 in the metformin monotherapy group (figure 2A, B). Glycaemic control was superior in
liraglutide + metformin-treated patients compared with those
on metformin monotherapy [estimated differences (95% CI):
−0.6% (−0.9; −0.4); −0.8% (−1.1; −0.6) and −0.8% (−1.1;
−0.6) for 0.6, 1.2 and 1.8 mg liraglutide + metformin, respectively; p < 0.0001]. In addition, liraglutide + metformin was
non-inferior to glimepiride + metformin: treatment differences (95% CI) were 0.1% (−0.1; 0.3); −0.1% (−0.3; 0.1)
and −0.1% (−0.3; 0.1) with 0.6, 1.2 and 1.8 mg liraglutide + metformin, respectively (p-values for non-inferiority
were: p = 0.0052 for 0.6 mg liraglutide + metformin, and
p < 0.0001 for 1.2 and 1.8 mg liraglutide + metformin).
Similar patterns were evident when only patients entering
the extension were considered. However, when only patients
who completed 2 years of treatment were considered (figures 1,
2C), superiority to metformin monotherapy could not be
shown due to the number of completers in that group
(n = 31). Liraglutide + metformin was still non-inferior to
glimepiride + metformin (treatment differences (95% CI) were
−0.1% (−0.3; 0.2), −0.0% (−0.3; 0.2) and −0.1% (−0.4; 0.2)
for 0.6 1.2 and 1.8 mg liraglutide + metformin, respectively).
In the ITT population, the change in HbA1c in the liraglutide + metformin groups and the glimepiride + metformin
group was greater in patients previously using OAD monotherapy (figure 2D) than combination therapy (figure 2E).
When changes in HbA1c were analysed by baseline category
[≤7.5%; >7.5 to ≤8.0%; >8.0 to ≤8.5%; >8.5 to ≤9.0%,
and >9.0% (<58; >58 to ≤ 64; >64 to ≤ 69; >69 to ≤75
and >75 mmol/mol)], it was evident that HbA1c was reduced
across all categories in patients using liraglutide + metformin,
except in patients using 0.6 mg liraglutide + metformin with
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baseline HbA1c < 7.5% (figure 2F). Patients treated with the
two highest liraglutide doses had significantly greater HbA1c
decreases than patients treated with metformin monotherapy at
all baseline values (p < 0.02 for all comparisons). In all except
the lowest baseline category, 0.6 mg liraglutide + metformin
resulted in significantly greater decreases in HbA1c than
metformin monotherapy (p < 0.05).
HbA1c Targets. The proportion of patients reaching American Diabetes Association (ADA) and American Assocation
of Clinical Endocrinologists (AACE) HbA1c targets (<7%;
<53 mmol/mol and ≤6.5%; <48 mmol/mol, respectively)
increased with increasing dose in liraglutide + metformin
groups (figure 2G). Significantly more patients reached
ADA target HbA1c in all liraglutide + metformin groups
than in the metformin monotherapy group (0.6 mg
liraglutide + metformin, p = 0.0198; 1.2 and 1.8 mg liraglutide + metformin, p < 0.0001), and significantly more in the
1.2 and 1.8 mg liraglutide + metformin groups reached AACE
target HbA1c than in the metformin monotherapy group
(p = 0.0015; and p = 0.0007 with 1.2 and 1.8 mg liraglutide + metformin, respectively). Patients taking 1.8 mg liraglutide + metformin were also significantly more likely than those
in the glimepiride + metformin groups to reach ADA target
HbA1c (p = 0.0493).
Secondary Endpoints of Glycaemic Control. Over 2 years,
FPG decreased in the liraglutide + metformin and
glimepiride + metformin groups (figure 3A). End of
treatment values were 9.4 ± 2.7, 8.9 ± 2.8 and 9.0 ± 2.5 mmol/l
for 0.6, 1.2 and 1.8 mg liraglutide + metformin, respectively; 11.1 ± 3.3 mmol/l for metformin monotherapy; and
9.5 ± 2.8 mmol/l for glimepiride + metformin. Decreases in
liraglutide + metformin groups were significant compared to
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Figure 2. Glycaemic control. (A) Least squares (LS) mean change in HbA1c from baseline for the intent-to-treat (ITT) population. (B) HbA1c over time
for the ITT population. (C) HbA1c over time for the population that completed 2 years of treatment. (D) HbA1c over time for patients previously using
oral antidiabetic drug (OAD) monotherapy in the ITT population. (E) HbA1c over time for patients previously using OAD combination therapy in the ITT
population. (F) Change in HbA1c by baseline HbA1c for the ITT population. (G) Percentage of patients reaching American Diabetes Association/American
Association of Clinical Endocrinologists (ADA/AACE) HbA1c target. Data are last observation carried forward (LOCF). Error bars are ± standard error;
*significant versus metformin monotherapy; † non-inferior to glimepiride + metformin.

the increase with metformin monotherapy (figure 3B). Furthermore, the decrease with liraglutide 1.2 mg was significantly
greater than in the glimepiride + metformin group (figure 3B).
Mean postprandial glucose (PPG) was assessed using selfmonitored 7-point plasma glucose measurements (mean of
three meals; measurements taken 90 min after start of each
meal). Over 2 years, PPG decreased (1.6, 2.2 and 2.1 mmol/l
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for 0.6, 1.2 and 1.8 mg liraglutide + metformin, respectively;
1.8 mmol/l for glimepiride + metformin and 0.4 mmol/l
for metformin monotherapy). Decreases were similar in
liraglutide + metformin and glimepiride + metformin groups,
but significantly greater with liraglutide + metformin than with
metformin monotherapy (p = 0.0003 for 0.6 mg; p < 0.0001 for
1.2 and 1.8 mg).
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Figure 3. Other endpoints. (A) Fasting plasma glucose (FPG) change over time. (B) Least squares (LS) mean change in FPG from baseline. (C) Body
weight change over time. (D) LS mean change in body weight from baseline. (E) Patients achieving composite endpoint [HbA1c <7.0% (<53 mmol/mol),
no weight gain, no hypoglycaemia]. All data are last observation carried forward (LOCF) for the intent-to-treat (ITT) population. Error bars are ± standard
error.

Body Weight. After 2 years, the liraglutide + metformin groups
experienced weight loss (LS mean reduction = 2.1, 3.0 and
2.9 kg with 0.6, 1.2 and 1.8 mg liraglutide + metformin, respectively) (figure 3C and D; see Table S2 for median and
range). Weight loss with liraglutide + metformin was significantly different from weight gain with glimepiride + metformin
(0.70 kg; p < 0.0001), and in the 1.2 and 1.8 mg groups was
significantly greater than in the metformin monotherapy
group (1.8 kg; p = 0.0185 and p = 0.0378 for 1.2 and 1.8 mg,
respectively).
Post Hoc Analysis: Composite Endpoint of HbA1c < 7.0%
(<53 mmol/mol), No Weight Gain, No Hypoglycaemia. Post
hoc analysis revealed that the composite endpoint was
achieved by 13.2, 23.3 and 25.6% of patients on 0.6, 1.2
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and 1.8 mg liraglutide + metformin, respectively; by 6.6%
of patients on glimepiride + metformin; and by 8.3% of
patients on metformin alone (figure 3E). Odds ratios (95%
CI) versus glimepiride + metformin for 0.6, 1.2 and 1.8 mg
liraglutide + metformin versus glimepiride + metformin were
2.15 (1.15; 4.04), 4.30 (2.39; 7.75) and 4.87 (2.71; 8.72),
respectively (p = 0.0169 with 0.6 mg liraglutide + metformin
and p < 0.0001 with 1.2 and1.8 mg liraglutide + metformin).
Odds ratios versus metformin monotherapy were 1.69 (0.80;
3.57) (p = NS), 3.38 (1.66; 6.89) (p = 0.0008) and 3.82 (1.88;
7.77) (p = 0.0002).
α- and β-Cell Function. The mean pro-insulin : insulin
ratio was stable with liraglutide + metformin after 2 years
(Table 1). For the two lowest liraglutide doses, this
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Table 1. Least squares (LS) mean changes for measures of β-cell function, α-cell function, cardiovascular risk factors and lipid markers.
Measurement

Liraglutide 0.6 mg

Liraglutide 1.2 mg

Liraglutide 1.8 mg

Glimepiride

Metformin monotherapy

Fasting insulin (pmol/l)∗
Pro-insulin : insulin ratio
HOMA-B (%)
HOMA-IR
Fasting glucagon (ng/ml)
SBP (mmHg)
DBP (mmHg)
Pulse (bpm)
PAI-1 (U/l)
NT-pro-BNP (pmol/l)
hsCRP (mg/l)
TC (mmol/l)
HDL-C (mmol/l)
LDL-C (mmol/l)
VLDL-C (mmol/l)
TG (mmol/l)
FFA (mmol/l)
ApoB

1.4 [−13.7; 22.4]
−0.02 ± 0.02†
64.5 ± 24.9
1.0 ± 0.5
−9.5 ± 2.7†
0.2 ± 0.9
0.4 ± 0.6
1.7 ± 0.6
−953 ± 708
2.0 ± 1.0
−0.4 ± 0.8
−0.01 ± 0.06
0.00 ± 0.01#†
−0.23 ± 0.05
0.23 ± 0.03
−0.18 ± 0.09†
−0.10 ± 0.02
−0.05 ± 0.01†‡

5.1 [−19.8; 25.6]
0.00 ± 0.02†
27.3 ± 25.7
−0.1 ± 0.5
−11.7 ± 2.7†
−2.5 ± 0.9
−0.8 ± 0.6
1.5 ± 0.6
−1243 ± 714
−0.4 ± 1.0‡
−0.2 ± 0.8
0.09 ± 0.06
−0.03 ± 0.01
−0.17 ± 0.05
0.28 ± 0.03
−0.13 ± 0.10†
−0.09 ± 0.02
−0.02 ± 0.01

3.6 [−15.9; 28.1]
0.03 ± 0.02
17.8 ± 25.0
−0.1 ± 0.5
−11.9 ± 2.7†
−2.0 ± 0.9
−0.5 ± 0.6
2.2 ± 0.6†
−2772 ± 723†‡
1.2 ± 1.0
−0.1 ± 0.8
0.07 ± 0.06
−0.02 ± 0.01
−0.13 ± 0.05
0.21 ± 0.03
−0.11 ± 0.09†
−0.07 ± 0.02
−0.01 ± 0.01

6.5 [−10.1; 33.9]
0.04 ± 0.02
11.3 ± 25.3
1.0 ± 0.5
3.9 ± 2.6
0.3 ± 0.9
−0.0 ± 0.6
0.8 ± 0.6
325 ± 706
3.8 ± 1.0
0.4 ± 0.8
0.08 ± 0.06
−0.05 ± 0.01
−0.12 ± 0.05
0.25 ± 0.03
0.06 ± 0.09
−0.05 ± 0.02
0.00 ± 0.01

−2.2 [−24.5; 19.5]
0.09 ± 0.03
−7.9 ± 34.5
1.0 ± 0.7
−2.3 ± 3.6
−0.1 ± 1.2
−0.3 ± 0.8
0.3 ± 0.8
518 ± 1005
−0.7 ± 1.4
2.2 ± 1.0
0.02 ± 0.08
−0.06 ± 0.02
−0.11 ± 0.07
0.19 ± 0.04
0.25 ± 0.13
−0.03 ± 0.03
0.01 ± 0.02

LS mean values; errors are standard error. ApoB, apolipoprotein B; DBP, diastolic blood pressure; FFA, free fatty acids; HDL-C, high-density
lipoprotein-cholesterol; HOMA-B, homeostasis model assessment β-cell function; HOMA-IR, homeostasis model assessment-insulin resistance; hsCRP,
high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein-cholesterol; NT-pro-BNP, N-terminal B-type natriuretic peptide; PAI-1, plasminogen
activator inhibitor-1; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; VLDL-C, very low density lipoprotein-cholesterol.
∗Median and quartile ranges used as insulin data were non-normally distributed.
†Significant versus metformin monotherapy (p < 0.05).
‡Significant versus glimepiride + metformin (p < 0.05).

was significantly different from the increase observed in
the metformin monotherapy group (0.09; p = 0.0033 and
p = 0.0203 for liraglutide 0.6 and 1.2 mg, respectively).
All liraglutide + metformin groups had improvements in
homeostasis model assessment β-cell function (HOMA-B)
(increases of 64.5, 27.3 and 17.8% for 0.6, 1.2 and 1.8 mg
liraglutide + metformin, respectively) with treatment. The
glimepiride + metformin group showed a smaller increase
in HOMA-B (11.3%), while there was a decrease in the
metformin monotherapy group (7.9%). Differences in HOMAB changes were not significant between groups. Treatment
comparisons of change in mean fasting insulin or the
HOMA index of insulin resistance were not significant
(Table 1). Significant decreases in fasting glucagon were seen
with liraglutide + metformin (9.5, 11.7 and 11.9 ng/ml for
liraglutide 0.6, 1.2 and 1.8 mg) compared to the increase
(3.9 ng/ml) with glimepiride + metformin (p = 0.0002 with
0.6 mg liraglutide + metformin, and p < 0.0001 with 1.2 and
1.8 mg liraglutide + metformin).
Cardiovascular Risk Factors and Lipid Markers. Several
significant differences between groups were evident in lipid
parameters [high-density lipoprotein-cholesterol (HDL-C),
TG and ApoB] and cardiovascular biomarkers (PAI-1 and
NT-pro-BNP) (Table 1). In addition, significantly more
liraglutide-treated patients (18.3–22.3%) achieved ADA
lipid targets [low-density lipoprotein-cholesterol (LDL-C)
< 2.6 mmol/l, HDL-C > 1.0 mmol/l and TG < 1.7 mmol/l]
than in the metformin monotherapy group (9.1%; p = 0.0033,
p = 0.0279 and p = 0.0210 for 0.6, 1.2 and 1.8 mg liraglutide
+ metformin vs. metformin monotherapy, respectively).
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With glimepiride + metformin, 14.9% of patients achieved
ADA lipid target; the comparison was significant between
0.6 mg liraglutide + metformin and glimepiride + metformin
(p = 0.0368).
Systolic blood pressure tended to be decreased by 1.2 and
1.8 mg liraglutide + metformin (Table 1), although differences
were not significant compared to glimepiride + metformin
or metformin monotherapy groups. Similarly, there were no
significant differences in diastolic blood pressure. A trend
towards a minor increase in pulse with liraglutide + metformin
was evident versus both comparators, which was statistically
significant for 1.8 mg liraglutide + metformin compared to
metformin monotherapy (2.2 vs. 0.3 beats/min; p = 0.0459).

Safety
Mean (±s.d.) duration of exposure was 518 ± 264,
514 ± 276 and 489 ± 280 days for 0.6, 1.2 and 1.8 mg
liraglutide + metformin, respectively, and 496 ± 260 days for
glimepiride + metformin. Duration was lowest in the metformin monotherapy group (331 ± 275 days) in accordance
with the low completion rate in this group.
Over 2 years, the most commonly reported events were
in the system organ classes of infections and infestations,
and gastrointestinal disorders (Table 2). During the study
extension, the most commonly reported adverse events
were diarrhoea and nausea (Table S3). Over 2 years,
the proportion of patients with adverse events possibly/
probably related to treatment was higher with liraglutide
+ metformin (39.7, 44.6 and 44.2% with 0.6, 1.2 and 1.8 mg
liraglutide + metformin, respectively) than with metformin
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Table 2. Adverse events experienced by >5% of patients over 2 years, by system organ class and preferred term.

Liraglutide 0.6 mg
n
Infections and infestations
Nasopharyngitis
Influenza
Upper respiratory tract infection
Bronchitis
Gastrointestinal disorders
Nausea
Diarrhoea
Vomiting
Dyspepsia
Gastritis
Toothache
Musculoskeletal and connective tissue disorders
Back pain
Arthralgia
Nervous system disorders
Headache
Investigations
Metabolism and nutrition disorders
Anorexia
Decreased appetite
Injury, poisoning and procedural complications
General disorders and administration site conditions
Vascular disorders
Hypertension
Eye disorders
Respiratory, thoracic and mediastinal disorders
Cough
Skin and subcutaneous tissue disorders
Cardiac disorders
Renal and urinary disorders
Psychiatric disorders

112
43
14
11
10
104
30
31
19
12
11
6
53
16
14
45
26
34
28
6
4
26
27
24
11
26
22
8
18
25
13
6

(%)
(46.3)
(17.8)
(5.8)
(4.5)
(4.1)
(43.0)
(12.4)
(12.8)
(7.9)
(5.0)
(4.5)
(2.5)
(21.9)
(6.6)
(5.8)
(18.6)
(10.7)
(14.0)
(11.6)
(2.5)
(1.7)
(10.7)
(11.2)
(9.9)
(4.5)
(10.7)
(9.1)
(3.3)
(7.4)
(10.3)
(5.4)
(2.5)

monotherapy (17.4%) or glimepiride + metformin (22.3%).
This was mainly because the proportion of patients
with gastrointestinal disorders possibly/probably related to
treatment was higher in liraglutide + metformin groups
(26.4, 32.5 and 36.4%, respectively, with 0.6, 1.2 and
1.8 mg liraglutide + metformin), compared with metformin
monotherapy (7.4%) and glimepiride + metformin (12.0%)
groups. Although nausea was one of the most frequently
reported events in the study extension, its occurrence in the
liraglutide + metformin groups decreased with time, and did
not differ noticeably from that in the glimepiride + metformin
group during the extension (Table S3).
The proportion of randomized patients withdrawing
over 2 years due to adverse events (including patients who
withdrew at 6 months prior to entering the extension) was
higher with liraglutide + metformin (9.1, 12.9 and 14.5%,
with 0.6, 1.2 and 1.8 mg liraglutide + metformin) than with
glimepiride + metformin (5.7%) or metformin monotherapy
(2.5%); when only the extension was considered, the incidence
of withdrawals due to adverse events was low in all groups (4.1,
2.9 and 2.1% with 0.6, 1.2 and 1.8 mg liraglutide + metformin,
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Liraglutide 1.2 mg
n
97
36
15
15
13
112
42
27
18
6
8
13
59
15
5
59
34
24
42
10
14
24
37
23
13
27
22
6
27
30
9
8

(%)
(40.4)
(15.0)
(6.3)
(6.3)
(5.4)
(46.7)
(17.5)
(11.3)
(7.5)
(2.5)
(3.3)
(5.4)
(24.6)
(6.3)
(2.1)
(24.6)
(14.2)
(10.0)
(17.5)
(4.2)
(5.8)
(10.0)
(15.4)
(9.6)
(5.4)
(11.3)
(9.2)
(2.5)
(11.3)
(12.5)
(3.8)
(3.3)

Liraglutide 1.8 mg
n
105
36
17
15
12
118
52
40
24
22
13
7
57
17
9
61
35
26
34
15
10
15
21
24
11
24
16
2
17
13
12
16

(%)
(43.4)
(14.9)
(7.0)
(6.2)
(5.0)
(48.8)
(21.5)
(16.5)
(9.9)
(9.1)
(5.4)
(2.9)
(23.6)
(7.0)
(3.7)
(25.2)
(14.5)
(10.7)
(14.0)
(6.2)
(4.1)
(6.2)
(8.7)
(9.9)
(4.5)
(9.9)
(6.6)
(0.8)
(7.0)
(5.4)
(5.0)
(6.6)

Glimepiride
n
108
49
18
12
15
61
10
14
1
7
4
3
68
21
19
54
32
22
25
1
0
31
21
24
12
22
24
13
21
9
14
9

Metformin
monotherapy

(%)

n

(%)

(44.6)
(20.2)
(7.4)
(5.0)
(6.2)
(25.2)
(4.1)
(5.8)
(0.4)
(2.9)
(1.7)
(1.2)
(28.1)
(8.7)
(7.9)
(22.3)
(13.2)
(9.1)
(10.3)
(0.4)
(0.0)
(12.8)
(8.7)
(9.9)
(5.0)
(9.1)
(9.9)
(5.4)
(8.7)
(3.7)
(5.8)
(3.7)

38
12
5
4
3
22
5
5
0
1
1
6
23
5
5
14
8
15
14
1
0
7
8
6
2
13
5
2
6
5
6
3

(31.4)
(9.9)
(4.1)
(3.3)
(2.5)
(18.2)
(4.1)
(4.1)
(0.0)
(0.8)
(0.8)
(5.0)
(19.0)
(4.1)
(4.1)
(11.6)
(6.6)
(12.4)
(11.6)
(0.8)
(0.0)
(5.8)
(6.6)
(5.0)
(1.7)
(10.7)
(4.1)
(1.7)
(5.0)
(4.1)
(5.0)
(2.5)

2.5% with metformin + glimepiride and 0.8% with metformin
monotherapy).
Although two patients (one on 1.2 mg liraglutide + metformin and one on glimepiride + metformin)
withdrew during the double-blind period due to acute
pancreatitis [5], no new cases were reported during the
extension. No cases of medullary thyroid cancer were reported.
Serious adverse events were infrequent (6.6–14.9%), and
there was no consistent system organ class pattern or dose
dependency for the liraglutide groups. Over 2 years, there were
four deaths. As reported previously [5], one death occurred
during metformin run-in and one patient (who developed liver
cirrhosis and hepatocellular carcinoma during treatment) died
after the 26-week trial period [5]. Two deaths occurred during
the extension in the 0.6 mg liraglutide + metformin group:
one patient suffered acute renal failure and pyelonephritis; the
second suffered a fatal event of tuberculosis. All four deaths
were considered unlikely to be related to trial drug.
The occurrence of minor hypoglycaemia over 2 years
was significantly lower with 0.6, 1.2 and 1.8 mg liraglutide + metformin (5.0, 4.2 and 4.1%, respectively) compared
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with glimepiride + metformin (24.0%; p < 0.0001). The proportion of patients with minor hypoglycaemic events in the
metformin monotherapy group was 2.5%. The rates of minor
events were 0.067, 0.077, 0.068, 0.055 and 0.864 events/year
with 0.6, 1.2 and 1.8 mg liraglutide + metformin, metformin monotherapy and glimepiride + metformin, respectively. The frequency of minor hypoglycaemic episodes
was significantly lower with liraglutide + metformin than
glimepiride + metformin (p < 0.0001). One major hypoglycaemic event required third-party assistance during the extension, in a patient receiving 1.2 mg liraglutide + metformin
[blood glucose = 3.6 mmol/l (65 mg/dl)].
No clinically relevant changes were observed in laboratory
parameters, including calcitonin levels, or during physical
examinations.

Discussion
During this 2-year trial, liraglutide in combination with
metformin provided superior glycaemic control to metformin
monotherapy, and was non-inferior to glimepiride. These
results were consistent with the 26-week results and show
that liraglutide can provide sustained glycaemic control.
Patients who received prior OAD monotherapy had greater
HbA1c improvements than those who used combination
therapy. This difference likely represents a decreased response
amongst patients substituting liraglutide for another drug
as compared to those adding-on liraglutide. The OAD
monotherapy subgroup may better represent clinical practice,
where liraglutide will often be used as an adjunct to metformin
and not as a replacement for another OAD [1–3]. The usual
pattern is to add a new agent to existing therapy when that
therapy no longer achieves glycaemic target (unless previous
treatment was associated with adverse effects). As patients using
combination therapy are likely to have more advanced disease
(i.e. diminished β-cell function), these findings also suggest that
earlier use of liraglutide may predict a more beneficial response.
After 2 years, reductions in HbA1c in liraglutide-treated
patients were less pronounced than after 26 weeks (−0.6 vs.
−1.0% with liraglutide 1.2 and 1.8 mg) [5]. Similar results were
seen with glimepiride (−0.5 at 2 years vs. −1.0% at 26 weeks).
The discrepancy may relate to disease progression, as levels
increased 0.3% with metformin monotherapy over 2 years. Two
thirds of patients had previously used combination therapy, and
mean duration of diabetes at baseline was fairly long (7.4 years).
Duration of diabetes may have been a factor in treatment
response, but it should be noted that liraglutide has previously
been shown to be efficacious at later disease stages [7,8].
When compared to 2-year results for the liraglutide
monotherapy ITT population in the LEAD-3 study, decreases
in HbA1c here were similar for 1.2 mg liraglutide (−0.6%
in both studies) but lower for 1.8 mg liraglutide (−0.6% vs.
−0.9%) [14]. This difference may be due to less advanced
disease in LEAD-3, where patients had shorter duration
of diabetes and less intensive pharmacological therapy on
recruitment.
Data presented are from the LOCF analysis using the
ITT population, as the power for comparison in the 2-year
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completer population was low due to the small number of
metformin monotherapy completers (31 vs. 113–137 patients
in other groups). When only completers were considered,
HbA1c decreases were closer to 26-week values (−0.8% vs.
−1.0% for liraglutide 1.8 mg), but liraglutide could not be
shown to be superior to metformin monotherapy in this
population. The low number of completers in the metformin
monotherapy group resulted from asymmetric randomisation,
combined with a selection bias resulting from the fact that
a large proportion of patients in this group withdrew due to
ineffective therapy over 2 years (46%, compared to 25, 17, 21
and 30% in the 0.6, 1.2 and 1.8 mg liraglutide groups and the
glimepiride group, respectively) (figure 1). As well as limiting
the validity of comparison, the selection bias exaggerates
the effects of metformin monotherapy. The LOCF approach
minimizes selection bias; however, with the LOCF approach,
values from patients who withdrew early are weighted equally
to 2-year values in the treatment comparisons.
In addition to improved glycaemic control, patients taking
liraglutide had improvements in TG levels compared to patients
on metformin monotherapy. There were also modest but
statistically significant differences in the changes in HDL-C and
ApoB in patients taking the 0.6-mg dose of liraglutide, although
it should be noted that this dose is not used therapeutically.
Patients in the 1.8-mg liraglutide group also had improvements
in the cardiovascular risk factor PAI-1 compared to both
glimepiride and metformin monotherapy. There was some
variation in the incidence of cardiac disorders across treatment
groups (rates were higher in the 0.6 and 1.2 mg liraglutide
groups than with glimepiride or metformin monotherapy),
although there is no clear explanation for this, and no statistical
comparisons were made for incidence of adverse events. A trend
towards a minor pulse increase was observed with liraglutide,
although changes were not clinically relevant and should be
interpreted in the context of potential effects on cardiovascular
risk factors. Improvements were also seen in measures of β-cell
function (pro-insulin : insulin ratio and HOMA-B); although
changes in HOMA-B were not significant between groups,
they support the trend reported elsewhere [4–6,8,9].
Beyond glycaemic effects and improvement in cardiovascular risk factors, side-effects of treatments should be considered.
In this trial, while liraglutide-treated patients showed similar
improvements in glycaemic control to glimepiride-treated
patients, liraglutide was also associated with weight loss.
Liraglutide-treated patients experienced fewer hypoglycaemic
events (<0.1 events/year) than glimepiride-treated patients
(0.864 events/year), a finding that likely results from the
glucose-dependent action of liraglutide. Gastrointestinal events
are the most frequent side-effects of GLP-1 receptor agonists,
and this 2-year study showed that these effects were transient.
By the end of the trial, there was no difference in incidence
of events between groups. Liraglutide was otherwise well
tolerated.
Overall, these results show that liraglutide was well tolerated
and can provide sustained glycaemic control. In addition to
improvements in glycaemic control, liraglutide was associated
with weight loss and a low risk of hypoglycaemia. The use of
liraglutide as part of a long-term dual therapy regimen with
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metformin is a safe and effective option for subjects with type
2 diabetes.
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Additional Supporting Information may be found in the online
version of this article:
Table S1. Breakdown of other reasons for withdrawal during
the study extension.
Table S2. Median absolute change in body weight, and
range of change [last observation carried forward (LOCF),
intent-to-treat (ITT) population].
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Table S3. Adverse events experienced by ≥1% of patients
during the study extension, by preferred term.
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