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Abstract 

Glucagon-like peptide 1 (GLP-1) is a hormone, inducing glucose-dependent stimulation of insulin 
secretion from beta cells. Liraglutide acts as a GLP-1 receptor agonist. To assess the effect of lirag- 
lutide on the beta cell function, we performed oral glucose tolerance tests in 7 subjects with type 2 
diabetes before and after treatment of liraglutide. Moreover, we performed same study again in 4 
subjects at 6 months after induction. Liraglutide significantly increased area under the Curve (AUC) 
of plasma insulin level after glucose loading and significantly decreased AUC of plasma glucose 
level, compared with before induction. HOMA-beta was significantly increased, whereas insulino- 
genic index was not changed. HOMA-R was not affected but Matsuda index was significantly de- 
creased after induction of liraglutide. Disposition index was not altered significantly, but tendency 
of improvement was observed. Glucose tolerance tests revealed that those effects of liraglutide 
were continued for 6 months after induction. These results showed that treatment of liraglutide 
could improve insulin secretion but early phase of insulin secretion was not improved. The results 
suggest that liraglutide is likely to improve beta-cell function, but this effect is still inadequate by 
six-month treatment. 
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1. Introduction 
Since incretin mimetic drugs were available for the treatment of type 2 diabetes these drugs were widely used 
because of its hypoglycemic effect and safety. The effect of these drugs is considered to mainly result from the 
actions of glucagon-like peptide-1 (GLP-1). 

GLP-1 is secreted from L cells in the lower small intestine in response to ingested nutrients and stimulates 
insulin secretion from pancreatic β cells depending on the blood glucose concentration [1]. GLP-1 is also physi- 
ologically active in other ways including central appetite suppression [2] [3] to improve glucose tolerance. Since 
GLP-1 is decomposed by DPP-4, it stays in the blood with a half-life of only several minutes. Therefore, GLP-1 
itself would not be an effective drug. However, liraglutide, which is a GLP-1 receptor agonist resistant to DPP-4, 
was developed using one amino acid substitution and fatty acid addition and found to produce a sufficient the- 
rapeutic effect with only one injection per day [4]. The GLP-1 receptor agonist not only improves blood glu- 
cose, but also was suggested to restore β cell function by relieving oxidation stress on β cells in diabetic mice 
[5]. However, there was slightly evidence for the restoration of β cell function by the GLP-1 receptor agonist 
in human [6]. 

Therefore, we conducted short-term and long-term assessments of changes in β cell function by liraglutide use 
in patients with type 2 diabetes. 

2. Patients and Methods 
Seven patients with type 2 diabetes for 41 to 74 years of age participated in the study. All subjects were Japa- 
nese and were recruited at NTT West Osaka Hospital during admission between from June 2011 to March 2012. 
From the limitations of current methods of treatment or spontaneously, all of the patients, chose the new treat- 
ment by liraglutide. Participants were excluded if they had severe liver and kidney disease or exhausted endo- 
genous insulin secretion. These patients were first withdrawn from any previous drugs, admitted, and then plac- 
ed on the basal bolus insulin therapy. Endogenous insulin secretion was assessed by a C peptide concentration of 
the patients’ urine. After the patients’ insulin dose was minimized and their blood glucose concentration was 
stabilized for several days, liraglutide was newly introduced by once a daily subcutaneous injection substituted 
for insulin therapy. To assess β cell function, a 75-g oral glucose tolerance test was performed twice, first im- 
mediately before the initiation of liraglutide therapy and second immediately after increasing the dose to 0.9 mg 
(on Day 10) of liraglutide. The area under the curve (AUC) of blood glucose level and of insulin level was eva- 
luated. Potency of insulin secretion was assessed using the insulinogenic index and homeostasis model assess- 
ment for β cells (HOMA-β); insulin resistance was assessed using homeostasis model assessment for insulin re- 
sistance (HOMA-R) and the Matsuda index; and β-cell function was assessed using disposition index. In 4 pa- 
tients, a 75-g oral glucose tolerance test was performed approximately 6 months after the first test to evaluate 
any long-term changes, and the same parameters were determined. Hemoglobin A 1c (HbA1c) was expressed 
according to the value by the National Glycohemoglobin Standardization Program (NGSP). 

A standard oral glucose tolerance test was performed with a 75-g glucose load after an overnight fast. Blood 
samples were obtained at baseline and 30, 60, 90, and 120 min after glucose load.  

HOMA-R was calculated as follows: HOMA-R = (fasting insulin × fasting glucose)/22.5. HOMA-β was cal- 
culated as follows: HOMA-β = (20 × fasting insulin)/(fasting glucose – 3.5). Insulinogenic index was defined as 
the ratio of the increment of plasma insulin to that of plasma glucose at 30 min after the glucose load. Matsuda 
index was calculated by the method of Matsuda and DeFronzo as previously described [7]. Disposition index 
was calculated as previously described [8]. 

Data were represented as mean (SD). For the statistical analyses, paired t-tests were used for between-group 
comparison in the results before and after dosing changes with a p-value < 0.05 as statistically significant level. 

This study was approved by the Institutional Review Board Committee of NTT West Osaka Hospital, and all 
patients consented to participation in this study. 

3. Results 
In our 7 patients with type 2 diabetes without depletion of endogenous insulin secretion, liraglutide was newly 
introduced after improving glycemic control. Table 1 shows the clinical findings for each patient. All patients 
weighed more than the standard weight, and the duration of illness was over 10 years, except for 1 patient. Fig- 
ure 1 shows the results of the 75-g oral glucose tolerance test before and at 10 days after introduction of liraglu- 
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Figure 1. Treatment with Liraglutide improved glucose-stimulated insulin 
secretion (GSIS). (a)-(d): Blood glucose ((a) and (c)) and plasma insulin ((b) 
and (d)) levels during 75 g oral glucose tolerance tests performed on before 
(open circles; n = 7) and 10 days after treatment with Liraglutide (dose had 
been increased to 0.9 mg/day) (closed circles; n = 7). Data are presented as 
percentages of the AUC of before treatment in (b) and (d). *p < 0.05; **p < 
0.01 vs. before treatment assessed by paired t test. Data are presented as mean 
(SD).                                                             

 
Table 1. Baseline patient profiles. Data are presented as mean (SD).                                               

 Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Ave. 

Age (Years) 74 70 62 71 45 41 41 57.7 (13.7) 

Sex M M M M M M F  

BMI (kg/m2) 22.5 24.5 31.9 32.8 24.5 33.0 28.9 28.3 (4.1) 

Duration 
(Years) 10 30 20 10 2 10 10 13.1 (8.4) 

HbA1c (%) 6.8 7.1 7.0 8.9 7.2 10.5 9.9 8.2 (1.4) 

Urine-CRP 
(μg/day) 28 48 31 24 53 103 39 46.5 (25.0) 

Therapy Intensive 
20 u/day 

Ultra-long 
6 u/day 

Ultra-long 
10 u/day OHA Premixed 

28 u/day 
Premixed 
80 u/day OHA  

 
tide. Blood glucose concentrations (mmol/L) at 90 minutes and 120 minutes after loading significantly de-
creased (90 minutes: 15.09 [SD 1.45] vs. 11.05 [SD 2.53], p < 0.01, 120 minutes: 14.40 [SD 3.16] vs. 8.60 [SD 
3.57], p < 0.01) (Figure 1(a)), and the AUC for blood glucose concentration significantly decreased after load-
ing (100 [SD 11.33] vs. 83.27 [SD 13.01], p < 0.01) (Figure 1(c)), which indicated blood tolerance level im-
proved after liraglutide use. After glucose loading, insulin level (μU/ml) was significantly elevated (30 minutes: 
23.25 [SD 9.08] vs. 35.70 [SD 13.48], p < 0.01, 60 minutes: 27.60 [SD 4.66] vs. 68.03 [SD 21.06], p < 0.01, 90 
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minutes: 32.17 [SD 8.65] vs. 83.81 [SD 38.55], p < 0.01, 120 minutes: 37.61 [SD 17.86] vs. 57.28 [SD 25.23], p 
< 0.05) (Figure 1(b)) and the AUC for insulin level significantly increased (100 [SD 21.64] vs. 210.45 [SD 
67.25], p < 0.01) (Figure 1(d)), which showed restoration of insulin secretion. Glucose tolerance level improved 
and insulin secretion was restored at 6 months after the start of liraglutide therapy, but improvements were not 
significant immediately after liraglutide was introduced (Figure 2(a) and Figure 2(b)). The improvement of in- 
sulin secretion was confirmed by a significant increase in HOMA-β (50.57 [SD 13.69] vs. 86.91 [SD 28.84], p < 
0.05) (Figure 3(a)), while the insulinogenic index showed that early secretion tended to increase (0.18 [SD 0.06] 
vs. 0.37 [SD 0.26]), but not significantly (Figure 3(b)). 

No significant changes were observed according to HOMA-R (2.05 [SD 1.09] vs. 3.26 [SD 1.54]) (Figure 
4(a)). The Matsuda index, which represents systemic insulin sensitivity, significantly decreased (5.27 [SD 1.98] 
vs. 3.13 [SD 1.15], p < 0.05) (Figure 4(b)). β cell function corrected by insulin sensitivity was represented by 
the disposition index, and this tended to increase (1.00 [SD 0.61] vs. 1.37 [SD 1.50]), but not significantly (Fig- 
ure 4(c)). 

 

 
Figure 2. Liraglutide induced enhancement of GSIS was kept for 6 months. 
A-B: Blood glucose (a) and plasma insulin (b) levels during 75 g oral glucose 
tolerance tests performed on 10 days (open circles; n = 4) and 6 months after 
treatment with Liraglutide (dose was 0.9 mg/day) (closed circles; n = 4). *p < 
0.05; **p < 0.01 vs. 10 days after treatment assessed by paired t test. Data are 
presented as mean (SD).                                              

 

 
Figure 3. Liraglutide improved β cell capacity for insulin secretion. a-b: 
HOMA-β (a) and insulinogenic index (b) were calculated from the result of 
75 g oral glucose tolerance tests performed on before (open bars; n = 7) and 
10 days after treatment with Liraglutide (dose had been increased to 0.9 mg/ 
day) (closed bars; n = 7). *p < 0.05; **p < 0.01 vs. before treatment assessed 
by paired t test. Data are presented as mean (SD).                         
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Figure 4. Did Liraglutide reduce glucose sensitivity? a-c: HOMA-R (a), Matsuda 
index (b), and dispositon index (c) were calculated from the result of 75 g oral 
glucose tolerance tests performed on before (open bars; n = 7) and 10 days 
after treatment with Liraglutide (dose had been increased to 0.9 mg/day) 
(closed bars; n = 7). *p < 0.05; **p < 0.01 vs. before treatment assessed by pair- 
ed t test. Data are presented as mean (SD).                              

4. Discussion 
For the treatment of diabetes with incretins, the DPP-4 inhibitor or GLP-1 receptor agonist is used. We used li- 
raglutide to evaluate the effect of a GLP-1 receptor agonist on the improvement of β cell function. 

To determine the effect of the GLP-1 receptor agonist on improving β cell function, an oral glucose tolerance 
test was performed before and after administration, and its effect was evaluated. The insulinogenic effect, re- 
presented by HOMA-β or the AUC for insulin, was found to be improved, but improvement of the disposition 
index representing β cell function was not confirmed. This result differed from a previous report that found that 
a low dose of liraglutide improved the disposition index [6]. One reason for this difference could be that im- 
provement of insulin secretion was relatively poor in the early phase of the present study, as confirmed by the 
insulinogenic index data. It is known that early phase insulin secretion is reduced in pancreatic β cells of diabetic 
patients. The decrease in the amount of pancreatic β cells, which may have been one reason for reduction of 
early phase insulin secretion [9] [10], seemed to diminish the simulative effect of the GLP-1 receptor agonist on 
insulin’s responsiveness to glucose. In our study, duration of diabetes (13.1 [SD 8.4] years) was about four- 
times compared to a previous report [6]. Because of the duration, we considered that the amount of β cells could 
be less than previous report in our study, especially in Asian. In our investigation, most of participants had been 
poor glycemic control under previous treatment or medication, despite their endogeneous insulin secretion were 
certain amount. It suggested that intended diet of participants were insufficient. This insufficiency of diet was 
considered to be also the cause of progressive decline in β cell function. Compared with the previous studies, the 
present study used oral dosing and large glucose loading (75-g). These facts may also account for differences 
between our results. In addition, we evaluated insulin sensitivity before and after liraglutide introduction to con- 
sider the possibility that glucose tolerance might have improved with changes in insulin sensitivity. The Matsuda 
index, widely known as an index to evaluate insulin sensitivity [7], was reduced. Improvement of early-phase 
insulin secretion may have not been adequate, and the Matsuda index was reduced as insulin secretion markedly 
increased at 60 minutes after glucose loading and thereafter. However, GLP-1 was reported to restore the 
amount of pancreatic β cells by the proliferation of pancreatic β cells [11], differentiation induction of pancreatic 
epithelial progenitor cells into β cells [12], and the suppression of apoptosis [13] in animal experiments. Thus, a 
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continued administration of GLP-1 may improve early secretion. We performed glucose tolerance tests at 6 
months after the start of liraglutide therapy. Unfortunately, data investigating any further improvement of early 
secretion at that time were not collected. A limitation of this investigation is its short duration and small sample 
size. The imbalanced gender ration also might be a potential limitation of this investigation. But at least, our re- 
port is meaningful in inform that using liraglutide has a certain tendency to occur in diabetes patients. Further 
investigation into the effect of GLP-1 should be carried out with a large number of cases and assessment over a 
long period. 

5. Conclusion 
Treatment of liraglutide is likely to improve beta-cell function, but this effect probably be still inadequate in 
Asian type-2 diabetes patients. 
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