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Abstract

Background: The maximum permissible dose of liraglutide, a GLP-1 receptor agonist,
under the Japanese Heath Insurance system is 0.9 mg/day. We determined the effects
of adding metformin to liraglutide therapy in Japanese patients with type 2 diabetes.
Material and Methods: This observational retrospective study included 47 patients
with type 2 diabetes who were treated with liraglutide alone or in combination with
sulfonylureas. Metformin was added at a dose ranging from 250 to 500 mg/day based
on inadequate glycemic control. Liraglutide and metformin doses were converted from
mg/day to mg/kg body weight/day before analysis of the correlation between the dose
and changes in glycated hemoglobin (HbA1c) and body mass index (BMI).

Results: Both HbAlc and BMI decreased significantly after 24 weeks of the combi-
nation treatment. Mild gastrointestinal adverse events were reported by 21% of the pa-
tients. Only the dose of metformin, but not that of liraglutide, expressed in mg/kg body
weight was correlated significantly with decrease in HbAlc and BMI.

Conclusions: The addition of metformin to the maximum permissible dose of liraglu-
tide helps secure glycemic control and reduce BMI in Japanese patients with type 2
diabetes who exhibit inadequate response to liraglutide.
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Introduction garding insurance coverage have been more problematic than in

Western countries. Namely, liraglutide is covered by the scheme

Glucagon-like peptide-1 (GLP-1) has been reported in
various basic and clinical studies to have diverse physiological
effects, including but not limited to inducing glucose-dependent
insulin secretion with consequent lowering of blood glucose lev-
els, and suppression of both appetite and gastrointestinal peri-
stalsis, leading to BMI decrease!'3.

Liraglutide, the first GLP-1 receptor agonist became
available for clinical use under the Japanese Government Health
Insurance scheme in 2010. However, the clinical indications re-

only when it is used alone or in combination with sulfonylureas
(SU) drugs. Thus, it is common to discontinue drug therapy other
than SUs, when liraglutide is added to the treatment of patients
with type 2 diabetes (T2DM), who are often treated with 3 or 4
oral antidiabetic medications. Occasionally, this results in cases
where glycemic control is unaffected or worsens after changes
in the medication regimen. Switching from insulin therapy to
liraglutide has also been reportedly to cause severe hyperglyce-
mial*3,
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The mechanism of abnormal glucose metabolism in
Japanese patients with T2DM is mainly impaired insulin secre-
tion, where even moderate extent of insulin resistance may result
in the development and progression of diabetes. This is in con-
trast to European and American patients with T2DM, in whom
insulin resistance predominates!®. However, recent reports have
stated that the mean body mass index (BMI) of Japanese pa-
tients with T2DM has been increasing annually, and that there
has been an increase in the number of cases of T2DM compli-
cated by obesity with a BMI of 25 kg/m? or higher!”). Metformin
hydrochloride, which is recommended by the position statement
of the American Diabetes Association (ADA)/European Associ-
ation for the Study of Diabetes (EASD), is widely used even in
Japan as the first choice therapy for patients with T2DM com-
plicated with obesity because of its low cost, effects that are less
likely to increase BMI, and enhancement of insulin sensitivity,
among other advantages'®.

From a similar clinical background, liraglutide was in-
troduced for the treatment of T2DM, with the expectation of not
only glycemic control but also a BMI decrease effect. Howev-
er, the current use and dose ranges in Japan are limited to 0.9
mg/day, half of those allowed in Western countries. Instead, the
Health Insurance scheme allows the concurrent use of SUs only,
which can cause BMI increase. These regulations could limit
the use of liraglutide for glycemic control and BMI control®.
In fact, we reported recently that high BMI is an independent
factor for discontinuation of liraglutide in Japanese patients with
T2DM, in addition to long disease duration and history of using
insulin®,

The indications for liraglutide use were, however; re-
vised in August 2014. The new regulations allow the concurrent
use of liraglutide with SUs, rapid-acting insulin secretagogues,
a-glucosidase inhibitors, insulin sensitizers, biguanides, and
insulin preparations. European and US studies have reported
that the rate of improvement to the combination of metformin
and liraglutide in terms of glycated hemoglobin (HbAlc) level,
BMI decrease, and avoidance of hypoglycemia is much higher
than other therapeutic drugs!'"'?! suggesting that the two indices
of HbAlc and BMI could potentially improve by the concur-
rent use of metformin and liraglutide in Japanese patients with
T2DM. However, only a short period has passed since the new
approval of liraglutide use in Japan, and thus there are only a few
reports on its long-term (24 weeks) use.

The aim of the present study was to determine the ef-
fects of adding metformin to liraglutide therapy in Japanese pa-
tients with T2DM.

Materials and Methods

Study design

The subjects in this study included all 56 patients with
T2DM who received outpatient treatment with liraglutide (0.9
mg/day) at our hospital between August 2012 and November
2014, either as a monotherapy or in combination with SUs. Met-
formin was added to the above treatment at a daily dose of 250
- 500 mg. However, the dose was increased in some patients
up to 2,250 mg/day at the discretion of the attending physician.
The adverse events were monitored and the decision to continue
or discontinue liraglutide or metformin was also made by the
attending physician. We investigated the effects of treatment on

www.ommegaonline.org 2

glycemic control, as indicated by HbAlc level and BMI from
the time of registration (week 0) until week 24 of treatment. The
doses of liraglutide and metformin were expressed relative to
body weight before analyzing the correlation between treatment
and changes in HbA1¢ level and BMI. BMI (kg/m?), HbAlc lev-
el (%), systolic blood pressure (mmHg), diastolic blood pressure
(mmHg) and other clinical data including blood biochemical ex-
amination data were recorded at baseline (immediately before
start of metformin therapy), and changes in these variables were
monitored during the treatment. HbAlc levels were measured
according to the NGSP values and determined by high-perfor-
mance liquid chromatography. We also recorded age, sex, and
duration of diabetes from the medical records.

This study complies with the Declaration of Helsinki
and with the Ethical Guidelines for Clinical Studies; consent
was obtained from subjects who had received an explanation in
writing. The study was carried out with the approval of the Insti-
tutional Review Board for Clinical Research, Tokai University
Hospital (12R-004) and was registered with the University Hos-
pital Medical Information Network (UMIN) clinical trial regis-
try before the start of the study (ID: UMIN000009636).

Statistics

All clinical parameters, including HbAlc and BMI
from baseline (week 0) to week 24 of treatment were expressed
as mean + SD. The Wilcoxon test was used for comparisons
between two groups, and Spearman’s rank correlation coeffi-
cient was used to analyze bivariate correlations. The Wilcoxon
signed-rank test, a two-tailed hypothesis test, was used for com-
parisons between the time at registration (week 0) and week 24.
Statistical significance was defined as p < 0.05, and a tendency
was defined as p <0.1.

The primary endpoints in this study were changes in
HbAlc and BMI. Improvement in HbAlc level was defined as
a decrease in HbAlc level from treatment weeks 0 to 24, while
improvement in BMI was defined as BMI decrease at treatment
week 24 relative to baseline. All statistical analyses were per-
formed using the JMP software (ver. 11.0.0, SAS Institute Inc.
Cary, NC).

Results

Subjects and baseline characteristics

Of the 56 entry cases, 47 completed the 24 weeks of
the combination therapy and served as the analysis subjects. The
other 9 cases discontinued the treatment and were excluded from
the analysis; 5 discontinued hospital visitation, 3 cases used oth-
er antidiabetic drugs such as insulin, and 1 case discontinued the
treatment because of diarrhea and abdominal pain, which ap-
peared after the introduction of metformin.

Table 1 summarizes the clinical background of the 47
subjects at study entry. The study included 29 men and 18 wom-
en, with a mean age of 57.6 £ 11.4 years. The mean BMI was
27.6 £ 5.0 kg/m?. HbAlc level at registration was 7.5 = 1.1%,
liraglutide dose was 0.9 mg/day, and the dose expressed per kg
body weight was 0.0130 £+ 0.0032 mg/kg.
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Table 1: Patient background.

Age 57.6+114
Sex (M/F) 29/18
Disease duration (years) 9.2+5.0
BMI (kg/m2) 27.6+5.0
Systolic blood pressure (mmHg) 124.8+£10.0
Diastolic blood pressure (mmHg) 78.6 + 8.9
HbA1lc (%) 75+1.1
Fasting blood glucose (mg/dl) 156.2 £ 46.8
C-peptide immunoreactivity (ng/ml) 2.5+09
Immunoreactive insulin (nU/ml) 13.2+9.2
Aspartate transaminase (U/L) 25.7+13.0
Alanine transaminase (U/L) 31.3+18.8
Serum creatinine (mg/dl) 0.78+0.19
Triglyceride (mg/dl) 153.0+101.8
Total cholesterol (mg/dl) 189.6 £35.1
High-density lipoprotein (mg/dl) 62.2+16.3
Low-density lipoprotein (mg/dl) 108.6 +£26.6
Dose of liraglutide (mg/kg) 0.0130 + 0.0032

Data are mean + SD.

Safety and changes in HbAlc and BMI

The mean metformin dose expressed by body weight
was 12.96 + 6.95 mg/kg. HbAlc changed from 7.5 + 1.1% at
baseline to 7.1 + 1.2% at 24 weeks after start of metformin (p <
0.001), and BMI decreased from 27.6 + 5.0 at baseline to 27.1
+ 5.1 kg/m? at 24 weeks (p < 0.005). A significant improvement
was also noted in fasting blood glucose level, which decreased
from 156.2 +46.8 to 142.7 £ 42.7 mg/dL (p < 0.05, Table 2).

Table 2: Effects of 24-week combination therapy on various clinical
parameters.

Baseline 24 week p-value
BMI(kg/m?) 27.6+5.0 27.1+5.1 <0.005
Systolic blood pressure 1248100 | 122.1 £12.0 NS
(mmHg)
Diastolic blood pressure 786+ 8.9 783+ 10.8 NS
(mmHg)
HbAlc (%) 7.5+1.1 71+1.2 <0.001
g:;““‘g blood glucose g/ | 565 468 | 142.7+42.7 | <005
Aspartate transaminase

+ +

(U/L) 257+13.0 |24.6+9.6 NS
Alanine transaminase (U/L) | 31.3+18.8 | 29.4+15.8 NS
Serum creatinine (mg/dl) 0.78+0.19 | 0.76 +£0.19 NS
Triglyceride (mg/dl) 153.0+101.8 | 151.0+80.3 NS
Total cholesterol (mg/dl) 189.6 £35.1 | 187.6 £33.7 NS
High-density lipoprotein 622+ 163 604+ 13.9 NS
(mg/dl)
Low-density lipoprotein 108.6426.6 | 111.1+27.0 NS
(mg/dl)
Dose of liraglutide (mg/kg) | 0.0130 + 0.0132 + <0.001

0.0032 0.0034
Dose of metformin (mg/kg) | 12.96 +£6.95 | 13.26 +7.24 | <0.0001

Data are mean + SD, NS: not significant.
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With regard to safety, 10 out of the 47 cases experi-
enced some adverse events, including diarrhea (n = 3), constipa-
tion (n = 2), abdominal pain (n = 2), and anorexia (n = 1), i.e., 8
cases of gastrointestinal complications. However, all were mild
symptoms, and with the exception of 1 case in which the met-
formin dose had to be reduced, all patients were able to continue
the treatment to the end of the 24 weeks through the avoidance
of further increase in dosage. One other case experienced verti-
g0, but none developed hypoglycemia, other than in 1 individual
who developed hypoglycemia after consuming a large amount
of alcohol.

Effects according to sex, BMI and HbAlc

Table 3 shows the results of comparison of background
and clinical parameters between the groups. The mean baseline
doses of liraglutide and metformin dosage were 0.0118 £ 0.0023
and 11.97 + 7.75 mg/kg, respectively, for male, and 0.0149 +
0.0035 and 14.54 £+ 5.22 mg/kg, respectively, for female; the
dose by kg body weight was significantly larger in female than
male. Both the baseline BMI and HbAlc were similar in male
and female; however, female showed a significantly greater
change in BMI after 24 weeks (p < 0.05) while HbA1c did not
change significantly in both sexes.

Comparison according to BMI decrease/increase
showed that the mean baseline doses of liraglutide and met-
formin were 0.0133 + 0.0033 and 14.54 + 7.46 mg/kg, respec-
tively, in the BMI decrease group, and 0.0122 + 0.0028 and 9.57
+ 4.14 mg/kg, respectively, in the BMI increase group; a signifi-
cantly larger dose of metformin was used in the BMI decrease
group (p < 0.05, p <0.01). There were no differences between
the two BMI groups with respect to BMI and HbA 1¢ at baseline;
however, the change in HbAlc (AHbAIc) after 24 weeks was
significantly greater in the BMI decrease group (p < 0.05).

Table 3: Comparisons based on sex and changes in BMI and HbA Ic.

Sex-based Male Female _value
comparison (n=29) (n=18) P
BMI(kg/m? ) 27.4+4.4 26.8 + 6.0 NS
HbAlc (%) 735+1.11 7.66 +1.01 NS
Liraglutide 0| 1100 00023 | 0.0149+0.0035 | <0.0005
wk (mg/kg)

Liraglutide 24 | ) 119, 00023 | 0.0153+0.0038 | <0.0005
wks (mg/kg)

Metformin 0

wk (mgke) 11.97 £7.75 14.54+5.22 <0.05
Metformin 24 1|, 1o, ¢ oy 15.00 % 5.50 <0.05
wks (mg/kg)

ABMI 03+1.0 07405 <0.05
AHbA1lc 01+07 06+0.7 NS
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BMlI-based BMI decrease | BMI increase —value
comparison (n=32) (n=15) P
BMI(kg/m?) | 26.9+4.3 277464 NS

HbAlc (%) | 7.58+1.02 723+1.17 NS
Liraglutide0 | ) 5135 0033 | 0.0122 +0.0028 | NS

wk (mg/kg)

Liraglutide2d 1, 1304 00035 | 0.0120 £ 0.0028 | NS (<0.1)
wks (mg/kg)

Metformin 0|\, 54\ 746 9574414 <005

wk (mg/kg)

Metformin 24 |\ 5 1\ ;74 | 9474415 <001

wks (mg/kg)

ABMI 08+0.7 -04+04 Not Done
AHbAlc 0.5+0.7 20.140.6 <0.05
HbA1lc-based | HbAlc improve | HbAlc not im- —value
comparison (n=235) prove (n=12) P
BMI(kg/m?) |26.9+5.0 28.0+£49 NS
HbAlc (%) |7.52+0.78 732+1.70 NS (<0.1)
Liraglutide0 | 4, | (0030 | 0.0123£0.0036 | NS

wk (mg/kg)

Liraglutide2d | , 55, 0032 | 00124400040 | NS (<0.1)
wks (mg/kg)

Metformin 0

ok (mgkg) | 1311%6.99 1252 +7.11 NS
Metformin 24 1, |\, ;) 12.74 £ 7.60 NS

wks (mg/kg)

ABMI 0.6+0.8 0.0+ 0.9 NS (<0.1)
AHbAlc 0.6+0.5 -0.5+0.6 Not Done

Data are mean + SD, NS: not significant.

The mean baseline doses of liraglutide and metformin
were 0.0132 + 0.0030 and 13.11 + 6.99 mg/kg, respectively, in

the HbA 1c improvement group, and 0.0123 £ 0.0036 and 12.52
+ 7.11 mg/kg, respectively, in the HbAlc worsening group; no
significant difference in the doses was observed between the
two groups. Baseline BMI and HbAlc were similar in the two
groups, as was the change in BMI (ABMI) at 24 weeks.

Table 4: Comparison of patients treated with low and high dose of lira-
glutide using a cutoff value of 0.013 mg/kg.

High-dose group | Low-dose group | p-value
n 21 26
BMI (kg/m?) | 23.6 £2.5 30.1+4.6 <0.0001
HbAlc (%) | 7.34+0.76 758+ 127 NS
Liraglutide | 51571 00025 | 0.0108=0.0014 | Not done
(mg/kg)
Metformin |, -¢ , ¢ s 11.49 + 5.64 NS
(mg/kg)
ABMI 05+06 04+1.0 NS
AHbAlc 0.6+0.7 0.1+0.7 NS (<0.1)

Data are mean + SD, NS: not significant.

Clinical effects of liraglutide according to baseline BMI

To study how the clinical effects of metformin are influ-
enced by the dose of liraglutide, we divided the subjects into the
high liraglutide dose group (> 0.0130 mg/kg) and low liraglutide
dose group (< 0.0130 mg/kg). The selected cutoff value repre-
sented the mean dose by body weight of 0.0130 + 0.0032 mg/kg.
We compared the effects of treatment on HbA 1¢ and BMI (Table
4). Although the dose of metformin did not change significantly,
AHbA 1c showed tendency for improvement at week 24 in the >
0.0130 mg/kg liraglutide group (p < 0.1). This finding suggests
that liraglutide dose at or above certain concentration is needed
for an HbA 1c-improvement effect when used concurrently with
metformin.

Figure 1: Correlation between liraglutide dose by body weight and ABMI (a) and AHbA 1¢ (b) Correlation between metformin dose by body weight
and ABMI (c) and AHbA ¢ (d)
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Correlation between liraglutide and metformin dose, and
changes in HbAlc and BMI

Figure 1 shows results of analysis of the relationships
between liraglutide and metformin doses per kg body weight,
and HbAlc improvement and BMI decrease. There were no
significant correlations between liraglutide dose and ABMI and
AHbA c. In comparison, metformin dose correlated significant-
ly with ABMI (p < 0.005) and AHbA 1c (p < 0.05). These results
indicate that the addition of metformin to 0.9 mg/day liraglutide

has a favorable effect on both HbAlc and BMI.

Finally, we studied the dose-dependent effects of add-
ing metformin to liraglutide, after dividing the subjects into
four groups (based on the quartiles of metformin dose by body
weight). Specifically, we analyzed the extent of changes in BMI
and HbA 1c after 24 weeks of treatment. The results showed that
the addition of metformin at a dose of > 12.12 mg/kg, but not
lower doses, was associated with significant BMI decrease and
improvement in HbAlc (Figure 2).

Figure 2: Rates of reduction of HbAlc and BMI after 24 weeks treatment with the combination therapy of liraglutide plus metformin according

to metformin dose by body weight.

Discussion

Our study investigated the usefulness, as expressed by
changes in HbAlc and BMI, of adding metformin to 0.9 mg/
day liraglutide for the treatment of patients with T2DM. The re-
sults based on analysis of data of 47 patients demonstrated that
both HbA1c and BMI were significantly lower at the end of 24
week of treatment, confirming that the addition of metformin
improves the outcome of inadequate treatment with liraglutide
(0.9 mg/day).

Several studies and clinical trials have reported the clin-
ical usefulness of concurrent use of various GLP-1 receptor ago-
nists with metformin!'"'* and those GLP-1 receptor agonists are
useful in Japanese patients with T2DM. However, in these clin-
ical trials, the subjects were T2DM patients in whom treatment
with metformin did not achieve adequate glycemic control’,
To our knowledge, the present study is the first to demonstrate
that the combination of metformin and GLP-1 receptor agonists
improves HbAlc and enhances BMI decrease in patients with
T2DM. Thus, we recommend the addition of metformin to pa-
tients with T2DM in whom treatment with GLP-1 receptor ago-
nists does not provide adequate glycemic or BMI control.

Liraglutide is considered to enhance BMI decrease
through its action peripherally by suppression of gastric peristal-
sis or centrally through its actions on the central nervous system,
including the satiety and appetite centers®%!°.. The daily dose of
liraglutide used in western countries is up to 1.8 mg for T2DM
and 3.0 mg for obesity, whereas in Japan, the approved dose for
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T2DM is only 50% of that used in western countries-?2. It is
possible that the high rate of inadequate control of hyperglyce-
mia in liraglutide-treated Japanese patients with T2DM is due to
the use of suboptimal dose of liraglutide. The possibility that the
approved dose of liraglutide in Japan is not clinically adequate is
also inferred from the fact that there was no correlation between
liraglutide dose by body weight and ABMI or AHbA1c (Figure
1). In addition, from our results, the significant correlations be-
tween the combination of liraglutide and metformin with BMI,
ABMI and AHbA I¢ strongly imply that metformin needs to be
added to the treatment regimen in patients with poor response
to liraglutide. Therefore, there may be a need to at least expand
the indications to allow the use of liraglutide at 1.8 mg/day or to
allow the concurrent use of metformin for Japanese patients with
T2DM. In addition, the effective dose of metformin for BMI
control and glycemic control estimated from the present study is
at least 12.12 mg/kg (Figure 2). Further larger studies are needed
to confirm the optimal dose of metformin required for glycemic
control and BMI decrease.

Our study showed none of the patients discontinued
the medications during the trial period (24 weeks) due to ad-
verse events, suggesting favorable drug tolerance. Analysis data
of all of patients showed significant improvements in HbAlc
and BML. It is noteworthy that the gastrointestinal symptoms oc-
curred in patients who did not experience problematic symptoms
during the use of liraglutide monotherapy before the start of the
present study, suggesting that these gastrointestinal symptoms
were related to metformin use. Based on this conclusion, we rec-
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ommend gradual escalation of metformin dose while monitor-
ing the patient for the appearance of gastrointestinal or related
symptoms at every visit, in terms of both adherence and safety.

The present study has certain limitations. First, our study was
a single-arm study. Second, examination of the effects of the
combination therapy was limited to 24 weeks only. A multi-
center long-term randomized controlled trial of large number
of patients is needed to confirm the present results. Similarly,
a prospective study of a large number of patients is needed to
determine the true rate of adverse events.

In conclusion, we have demonstrated in the present
study that the addition of metformin to liraglutide therapy pro-
vides better glycemic control and results in significant BMI de-
crease in Japanese patients with T2DM. These results may call
for re-adjustment of the optimal dose of liraglutide for Japanese
patients with T2DM to ensure adequate glycemic and BMI con-
trol.
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