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ABSTRACT

Objective: Our aim was to examine the influence of switching to oral hypoglycemic agents on
post-switching weight loss and blood glucose control in obese Japanese patients with type
2 diabetes after long-term therapy with a glucagon-like peptide 1 (GLP-1) receptor agonist.
Methods: In 8 obese patients with type 2 diabetes, oral hypoglycemic agents were introduced
after long-term therapy with a GLP-1 receptor agonist, liraglutide, based on their wishes. We
investigated the oral glucose tolerance test (OGTT) and the subsequent changes in HbA1c
and body weight in all patients. Results: Concerning the patient background, the mean age
was 44.4 years. The mean body mass index (BMI) was 30.0 kg/m?, and the mean duration of
diabetes was 0.3 years. The mean HbA1c value before liraglutide administration was 10.3%.
The mean liraglutide treatment period was 1.1 years. The mean HbA1c value on switching
liraglutide to oral hypoglycemic agents was 5.7%. The mean rate of change in the body weight
after liraglutide administration was -9.2 kg, and the mean BMI upon switching liraglutide to
oral hypoglycemic agents was 26.8 kg/m?. The oral hypoglycemic agents consisted of DPP-
4 inhibitors in 7 patients, SGLT2 inhibitors in 3, and metformin in 1. In 4 of the 8 patients,
weight gain was noted. The OGTT demonstrated that insulin secretion was maintained in the
subjects. Conclusion: Our observation suggested the possibility that the therapeutic strategy
of administering liraglutide and switching to oral hypoglycemic agents after confirming
maintenance of weight loss and normal HbA1c value for a specific period might be useful
for treating type 2 diabetics with a relatively short duration of diabetes during the initial
phase after diagnosis, This therapy may become a new treatment option, although our report
included small patient numbers and this strategy warrant the need for further investigation.

this therapy, administration of sulfonylurea
(SU) agents, glucagon-like peptide -1 (GLP-1)
receptor agonists, or insulin is considered. On
the other hand, for non-obese patients, DPP-4

Introduction

When treating Japanese patients with type 2
diabetes, diet/exercise therapies are generally

performed. For obese patients, metformin
is prescribed as a first-choice drug, and oral
hypoglycemic agents, such as dipeptidyl
peptidase-4 (DPP-4) and  sodium-glucose
cotransporter 2 (SGLT2) inhibitors, which
may not induce hypoglycemia, are additionally
administered when blood glucose control is
unfavorable. When it remains unfavorable despite

inhibitors are prescribed as first-choice drugs,
and administration of SU agents, GLP-1 receptor
agonists, or insulin is considered when blood
glucose control is unfavorable. Thus, in Japan,
the prescription of GLP-1 receptor agonists is
considered in many cases when blood glucose
control is unfavorable after the administration of
2 or 3 oral hypoglycemic agents. Furthermore,
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there are often cases in which the GLP-1 receptor
agonist administration period was relatively
short because the drug was promptly switched to
an oral hypoglycemic agent after blood glucose
improvement despite the early introduction
of a GLP-1 receptor agonist. According to
the American Diabetes Association (ADA),
GLP-1 receptor agonists may be selected after
metformin administration [1]. According to the
algorithm for the treatment of type 2 diabetes
prepared by the American Association of Clinical
(AACE), GLP-1
agonists are available as first-choice drugs [2].
A recent study proposed that GLP-1 receptor
agonists should be selected as first-choice

Endocrinologists receptor

drugs when deciding drug therapy for obese
patients with type 2 diabetes [3]. However, no
study has reported the efficacy of a therapeutic
strategy in which a GLP-1 receptor agonist is
initially administered to type 2 diabetics with a
relatively short duration of diabetes during the
initial phase after diagnosis, and then switched
to an oral hypoglycemic agent after confirming
maintenance of weight loss and normal HbAlc
value for a specific period; this strategy is not
routine. We initially administered the GLP-
1 receptor agonist liraglutide to 8 obese type
2 diabetics with a relatively short duration of
diabetes during the initial phase after diagnosis
for a relatively long period (mean administration
period: 1.2 years, range: 0.3 to 2.9 years), and
switched it to oral hypoglycemic agents based on
their wishes to examine the subsequent changes

in the blood glucose level and body weight.

Results
m Case 1

The patient was a 50-year-old male. A health
checkup indicated that his HbAlc value was
10.0%, and he was referred to our department.
The height, body weight, and BMI were 168 cm,
97 kg, and 34.4 kg/m?, respectively. The patient
wasadmitted for education for 2 weeks. Treatment
was started with a diabetic diet at 1,200 kcal, 2
units of Novorapid (immediately before each
meal), 2 units of Lantus (evening), and a total
of 8 units of insulin. After 7 days, blood glucose
control was improved, and 0.3 mg of liraglutide
was subcutaneously injected for 4 days.
Subsequently, the dose was switched to 0.6 mg.
After 4-month administration, the HbAlc value
was 5.4%; blood glucose control was improved.
The body weight was 77 kg, demonstrating an
approximately 20-kg decrease. Subsequently,

sitagliptin (50 mg/day) was administered, and
the HbAlc was normalized for 1 year and 4
months. There was a further 2-kg decrease in
body weight. After discharge, a diabetic diet at
approximately 1,800 kcal was introduced based
on the patient’s wishes. Concerning exercise,
training with a bicycle ergometer was performed
for 20 minutes (corresponding to approximately
4 Metz of exercise) 3 times a day during
admission, with a maximum heart rate of 40%,
which was established in accordance with age.
After discharge, the patient walked for 1 hour
every day.

m Case 2

The patient was a 25-year-old male. On
measurement using his mother’s self-glucose-
measuring instrument, the blood glucose level
was 300 mg/dL, and he consulted our department
due to the risk of diabetes mellitus. His height,
body weight, and BMI were 170.1 cm, 104
kg, and 36.0 kg/m? respectively. His HbAlc
value was 11.3%. The patient was admitted for
education for 2 weeks. Treatment was started
with 4 units of Novorapid (immediately before
each meal), 4 units of Lantus (evening), and a
total of 16 units of insulin. After 6 days, blood
glucose control was improved, and the regimen
was switched to liraglutide. After 0.3 mg of
liraglutide was administered for 4 days, the
dose was switched to 0.6 mg. The liraglutide
administration period was 1 year and 5 months.
The HbA1c value was normalized 3 months after
the start of administration. The normalization
was also maintained after switching to alogliptin
(12.5mg/day). After the start of liraglutide
administration, there was a 16-kg decrease
in body weight. His HbAlc value has been
normalized for over 3 years and 7 months
after switching to alogliptin, but there was an
approximately 4-kg rebound in body weight.
During liraglutide administration, a diabetic
diet at 1,200 kcal was given, and the calorie
intake was increased to 1,600 to 1,800 kcal
after switching to alogliptin. During admission,
training with a bicycle ergometer was performed
for 20 minutes (corresponding to approximately
4 Metz of exercise), with a maximum heart rate
of 60%, which was established in accordance
with age. After discharge, no specific exercise
program was arranged.

m Case 3

The patient was a 44-year-old male. His height,
body weight, and BMI were 171.0 cm, 83.0 kg,
and 28.4 kg/m?, respectively. Although sitaglipitin
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(50 mg) was administered by family doctor, his
HbA1lc value was 9.4%. He was introduced to
our department, sitaglipitin was stopped and
0.9 mg of liraglutide and metformin (500 mg)
was administered for 1 year and 2 months. The
HbA1c value was normalized 3 months after the
start of administration. The normalization was
also maintained after switching to sitagliptin (50
mg/day) and ipragliflozin (50 mg/day). After the
start of liraglutide administration, there was a 8
kg decrease in body weight. His HbA1c value has
been normalized for 6 months after switching to
sitagliptin and ipragliflozin, and there was a 7
kg decrease in body weight. During liraglutide
administration, a diabetic diet at 1,600 kcal was
given.

m Case 4

The patient was a 50-year-old male. His height,
body weight, and BMI were 174.0 cm, 80.0
kg, and 26.4 kg/m2, respectively. When he
was admitted to our hospital for treatment of
abscess, an HbAlc of 9.4% value was pointed
out. 0.6 mg of liraglutide after insulin treatment
for two weeks was administered for 7 months.
The HbAlc value was normalized 3 months
after the start of administration. The favorable
HbA1c level was also maintained after switching
to linagliptin (5 mg). After the start of liraglutide
administration, there was a 8-kg decrease in
body weight. His favorable HbAlc value has
been maintained for one year and 6 months
after switching to linagliptin, but there was a 4
kg rebound in body weight. During liraglutide
administration, a diabetic diet at 1,600 kcal was
given.

m Case5

The patient was a 53-year-old female. Her height,
body weight, and BMI were 157.0 cm, 72.0 kg,
and 29.2 kg/m?, respectively. She was introduced
to our department for glycemic control to
receive cataract operation. An HbAlc of 12.8%
value was pointed out. 0.6 mg of liraglutide and
metformin (500 mg/day) was administered for
7 months. The HbAlc value was normalized 5
months after the start of administration. The
favorable HbAlc level was also maintained
after switching to sitagliptin (50 mg/day) and
metformin (1000 mg/day). After the start of
liraglutide administration, there was a 11 kg
decrease in body weight. Her favorable HbAlc
value has been maintained for 11 months after
switching to sitagliptin and metformin, but there
was a 4.6 kg rebound in body weight. During
liraglutide administration, a diabetic diet at 1200

diabetics

kcal was given.
m Case 6

The patient was a 60-year-old male. His height,

body weight, and BMI were 167.5 cm, 82.6
kg, and 29.6 kg/m?, respectively. As an HbAlc
of 10.2% value was pointed out by his family
doctor. He was introduced to our department for
glycemic control. The patient was admitted for
education for 2 weeks. 0.3 mg of liraglutide after
insulin treatment for 10 days was administered
for 2.1 years. The HbAlc value was normalized
2 months after the start of administration. The
HbAlc was also maintained after switching
to sitagliptin (50 mg/day). After the start of
liraglutide administration, there was a 10.4 kg
decrease in body weight. His normalized HbAlc
value has been maintained for 2.3 years after
switching to sitaglipitin, but there was a 1.1
kg rebound in body weight. During liraglutide
administration, a diabetic diet at 1,200 kcal was
given.

m Case?7

The patient was a 39-year-old male. His height,
body weight, and BMI were 173.0 cm, 94.0kg,
and 31.4 kg/m? respectively. As an HbAlc
of 7.7% value was pointed out by his family
doctor. he was introduced to our department
for glycemic control. The patient was admitted
for diabetic education for 2 weeks. 0.6 mg of
liraglutide was administered for 8 month. The
HbAlc value was normalized 2 months after
the start of administration. The HbAlc was also
maintained after switching to sitagliptin (50
mg/day). Empagliflozin (10 mg/day) was added
to him for reduction of body weight during
clinical course. After the start of liraglutide
administration, there was a 10.4kg decrease in
body weight. His normalized HbAlc value has
been maintained for 2.0 years after switching to
sitaglipitin and empagliflozin, but there wasa 5.2
kg rebound in body weight. During admission, a
diabetic diet at 1,200 kcal was given.

m Case 8

The patient was a 34-year-old male. His height,
body weight, and BMI were 168.0 cm, 70.5 kg,
and 25.0 kg/m?, respectively. An HbAlc of 7.7%
value was pointed out, when he had a consultation
with ophthalmologist for the evaluation of
cataract. The patient was admitted for diabetic
education for 3 weeks. 0.6 mg of liraglutide
was administered for 2.9 years. The HbAlc
value was normalized 2 months after the start of
administration. The HbA1c was also maintained
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after switching to dapagliflozin (50 mg/day).
After the start of liraglutide administration,
there was a 12.0 kg increase in body weight. His
normalized HbAlc value has been maintained
for 1.9 years after switching to dapagliflozine,
but there was a 14.1 kg decrease in body weight.
During liraglutide administration, a diabetic diet
at 1,200 keal was given. We experienced 8 obese
patients with type 2 diabetes, oral hypoglycemic
agents were introduced, based on their wishes
after long-term therapy with a GLP-1 receptor
agonist, liraglutide. The background of the 8 type
2 diabetics is shown as in TABLES 1 AND 2. The
mean age was 44.4 years. The subjects consisted
of 7 males and 1 female. The mean BMI was
30.0 kg/m?, and the mean duration of diabetes
was 0.3 years. The mean estimated glomerular
filtration rate (eGFR) was 98.1 mL/min/1.73
m? (data not shown), and the mean CPR index
in 7 patients was 2.0. The mean HbAlc value
before liraglutide administration was 10.3%.
before
administration, no treatment was performed for
2 patients, DPP-4 inhibitors were administered
to 2, and insulin was administered to 4. With
respect to complications, retinopathy was absent
in 8 patients, and nephropathy was absent in 7.
Microalbuminuria was noted in 1. There was no

Concerning  treatment

liraglutide

neuropathy in any patient. The clinical course of
8 patients in whom liraglutide was switched to
oral hypoglycemic agents is shown in (TABLE
1). Its summary is presented as follows. There
were 8 obese (BMI: 2 25) patients. Five patients
had a BMI of 25 to 29, and 3 had a BMI of > 30.
In the obese patients, the doses of liraglutide were
0.9 mg in 1 patients and 0.6 mg in 7 patients.
The mean treatment period was 1.1 years. The
mean HbAlc value upon switching liraglutide
to oral hypoglycemic agents was 5.7%.The
oral hypoglycemic agents consisted of DPP-4
inhibitors in 7 patients, SGLT?2 inhibitors in 3,
and metformin in 1. The mean HbAlc value at
the final consultation was 5.8%, with a mean
follow-up of 2.2 years after switching. The mean
rate of change in body weight after liraglutide
administration was -9.2 kg, and the mean BMI
upon switching liraglutide to oral hypoglycemic
agents was 26.8 kg/m?* In 2 patients, the BMI
decreased to <25 (pretreatment BMI: 25 to 29).
The mean rate of change in body weight after
switching was -1.0 kg. In 4 of the 8 patients,
weight gain was noted. The results of OGTT,
BMI at OGTT, CPR index after fasting, and
each parameter of insulin secretion/resistance

obtained from OGTT for the 8 patients are

presented in TABLE 2. In all patients, an oral
glucose tolerance test (OGTT) was conducted to
evaluate insulin secretion/tolerance after weight
reduction and HbAlc normalization during
liraglutide treatment. The mean CPR index was
2.0, and the mean HOMA-B was 84.0. The
mean insulinogenic index was 0.5. The mean
HOMA-R was 1.4. The mean Matsuda Index
was 7.4, and the mean disposition index was 1.5.

Discussion

We found that post-switching blood glucose
control was favorable in 8 obese type 2 diabetic
patients with a relative short duration of diabetes
during the initial phase after diagnosis, in whom
oral hypoglycemic agents were introduced,
based on their wishes after long-term therapy
with liraglutide, and that the body weight
was relatively favorably maintained despite
an increase in the rebound rate. Three factors
associated with this are described below. First,
weight loss was an important factor. The GLP-1
receptor agonist liraglutide exerts body-weight-
reducing effects through the suppression of
gastrointestinal peristalsis and feeding central
function in hypothalamus and is emphasized
as an important drug for type 2 diabetes with
obesity [3]. Weight loss might have contributed
to the improvement in glycaemic control,
improving insulin sensitivity. As liraglutide
treatment reduced emotional eating behavior,
sense of hunger and requirement for fat [4], it is
conceivable that these changes in eating behavior
may influence on the maintenance of body weight
after switching to oral hypoglycemic agents from
liraglutide. In 566 patients with diabetes at the
diabetes outpatient clinic of our hospital and
21449 patients with diabetes in 2012 Shiga
Diabetes Clinical Survey [5], patients with a
BMI of 25 to 29 account for approximately
75% of obese diabetics. Of 8 subjects, 5 had a
BMI of 25 to 29, and 3 had a BMI of = 30. The
mean rate of change in body weight was -9.2 kg,
and the mean BMI before and after the start of
administration was 30.0 and 26.8, respectively,
demonstrating a decrease. In 1 patients, the BMI
decreased to <25 (pretreatment BMI: 25 to 29).
With liraglutide-administration-related weight
loss (approximately 10 kg), the rate of patients
with a BMI of approximately 25 increased,
especially among those with a pretreatment BMI
of 25 to 29. Thus, almost patients in this report
had sufficient reduction of body weight. This may
be caused by early administration of liraglutide
during the initial phase after diagnosis. Insulin
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secretion capacity is preserved in the patients
with type 2 diabetes during the initial phase after
diagnosis. As Takabe et al. reported thatliraglutide
causes to improve early insulin secretion [6], it
is conceivable that decreased total amounts of
insulin, caused by improvement of early insulin
secretion may lead to reduction of body weight.
The mean HOMA-R was 1.4, suggested mild
insulin resistance. This may be due to weight
reduction. DPP-4 inhibitors were reported to be
more effective in non-obese type 2 diabetics than
in obese type 2 diabetics [7,8]. DPP-4 inhibitors
were used in 7 patients among oral hypoglycemic
agents. As a factor involved in favorable post-
switching blood glucose control, weight loss may
have increased the efficacy of DPP-4 inhibitors.
Second, the use of a self-glucose-measuring
instrument facilitated blood glucose checking
before and after meals, enhancing education.
In the health insurance system of Japan, self-
glucose-measuring instruments are lent to
patients using liraglutide from hospitals. Blood
glucose measurement before and after meals
improves the understanding of the target blood
glucose level and HbAlc value. Self-assessment
of the effects of diet/exercise therapies through
blood glucose measurement is also advantageous
for favorable blood glucose control. Third, there
were 7 patients with a relatively short duration
of diabetes (<1 year), and insulin secretion was
preserved to some degree. The mean CPR index
(2.0) and disposition index (1.5) from the OGTT
suggested the preservation of insulin secretion
in 8 subjects. It was reported that the efficacy
of liraglutide and DPP-4 inhibitors in insulin-
secretion-preserved patients was more potent than
in insulin-secretion-affected patients [6,9,10].
Therefore, initial therapy with liraglutide may
cause potent hypoglycemic effects in insulin-
secretion-preserved patients with a short interval
from the diagnosis of type 2 diabetes, leading to
the complete normalization of HbAlc. Treating
early and effectively with combination of oral
hypoglycemic agents was recommended for the
management of type 2 diabetes, but has the
problem that patients are reluctant to move to
polypharmacy [11]. Recently, clinical inertia was
reassessed, raising a clinical issue: drug therapy
cannot be intensified when blood glucose control
in patients with type 2 diabetes is unfavorable
[12]. It was reported that 5-year blood glucose
control in patients with type 2 diabetes in whom
treatment was intensified within 6 months after
the start of treatment was more favorable than
in those in whom intensified treatment was

diabetics
delayed [13]. Complete HbAlc normalization
may be advantageous for future diabetes care.
Furthermore, in this report, the rate of patients
with a short duration of diabetes was high,
and we targeted the complete normalization
of HbAlc. The average time to normalization
of HbAlc was 2.9 months. The maintenance
of complete normalization of blood glucose
control in the initial phase of diabetes may lead
to preserve [3 cell function [14] and result in the
lowest risk of complications and legacy effects,
as indicated in the UKPDS [15], which may be
therapeutically advantageous. However, as early
worsening of diabetic retinopathy was reported
to be associated with the rapidity and magnitude
of improvement in glycemic control with insulin
and semaglutide [16], we have to keep this
phenomenon in mind, especially in patients
with pre-existing diabetic retinopathy when we
prescribe GLP-1 receptor agonists. The early
introduction of liraglutide in type 2 diabetics
may be a method to overcome clinical inertia
and resistance to move to polypharmacy. Even
if blood glucose control becomes unfavorable
after switching to oral hypoglycemic agents or
there is a marked rebound in body weight, the
additional introduction of liraglutide may be
readily accepted by patients. As liraglutide is
more potent in hypoglycemic effect than SU
agents and DPP-4 inhibitors [17,18], a smaller
variety of drugs to intensify blood glucose
control may be required. This report does not
mean that initially administering liraglutide
and switching to oral hypoglycemic agents is
effective in all patients with type 2 diabetes. If
we switch to oral hypoglycemic agent in patients
who did not show reduction of body weight or
who did not have HbAlc normalization or who
had severe insulin deficiency, the result may
be different from our result. Although almost
patients had sufficient reduction of body weight
in this report, we did not intentionally select
the subjects, who had sufficient reduction of
body weight. This report also does not mean we
demonstrate the effectiveness of this strategy.
Our report included small subjects and we need
a randomized prospective clinical trial with more
cases to demonstrate the effectiveness of our
strategy. However, our observation suggested the
possibility that this strategy may lead to maintain
favorable blood glucose level and body weight.
In conclusion, in this report, we suggested
the possibility of the strategy of initially
administering liraglutide and switching to oral
hypoglycemic agents after confirming weight
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