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Abstract

Background: As type 2 diabetes is characterized by both insulin 
resistance and impaired insulin secretion, oral anti-diabetic treat-
ments including dipeptidyl peptidase-4 inhibitors, which stimulate 
insulin secretion, and biguanides, which enhance insulin sensitivity 
should be considered. Therefore, we performed a pilot study us-
ing a combination therapy with agents from both of these classes 
of drugs. We selected alogliptin and metformin as representative 
drugs and evaluated their combinational efficacy in patients with 
type 2 diabetes.

Methods: Continuous glucose monitoring (CGM) was performed 
throughout the study for two patients with type 2 diabetes and one 
control subject. First, the subjects received no medication (the 
5-day washout period), and later, all subjects received three pat-
terns of medication: alogliptin alone, alogliptin and metformin co-
administration, and metformin alone. Blood was sampled before 
and 1 h after breakfast and lunch on representative days during each 
treatment condition.

Results: The CGM results indicated that combination of alogliptin 
and metformin attenuated the escalation and fluctuation of glucose 
levels. The patterns of insulin and glucagon secretion with alogliptin 
alone, alogliptin and metformin co-administration, and metformin 
alone varied among subjects. When alogliptin and metformin were 

co-administered, glucagon-like peptide-1 (GLP-1) levels 1 h after 
lunch were higher in all subjects compared to those at any other 
time point. Postprandial glucose-dependent insulinotropic peptide 
(GIP) levels varied according to medication and the subject.

Conclusions: Thus, CGM results revealed that a combination of 
alogliptin and metformin effectively reduced postprandial glucose 
fluctuation and stabilized blood glucose levels. The study subjects 
exhibited completely different response patterns of insulin, gluca-
gon, GLP-1, and GIP with medications alone or in combination, 
suggesting that individual hormone-dependent glycemic responses 
to these drugs are complicated and multifactorial.

Keywords: Metformin; DPP-4 inhibitor; Glucagon-like peptide-1; 
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Introduction

Incretins such as glucagon-like peptide-1 (GLP-1) and 
glucose-dependent insulinotropic polypeptide (GIP) are re-
leased from enteroendocrine cells and are known to enhance 
insulin secretion [1, 2], but are rapidly inactivated by the 
enzyme dipeptidyl peptidase-4 (DPP-4) [3]. DPP-4 inhibi-
tors such as alogliptin are a new class of anti-diabetic agents 
that increase circulating GLP-1 and GIP levels by inhibiting 
DPP-4 enzymatic activity. GLP-1 and GIP improve hyper-
glycemia in a glucose-dependent manner by increasing se-
rum insulin and decreasing serum glucagon levels in patients 
with diabetes [4]. Biguanides such as metformin are another 
class of anti-diabetic agents that curtail hepatic glucose out-
put by inhibiting gluconeogenesis and also increase insulin-
stimulated glucose uptake in muscle and fat [5, 6]. Insulin 
resistance and impaired insulin secretion are two major fea-
tures of type 2 diabetes, and biguanides and DPP-4 inhibi-
tors lower glucose levels using different but complementary 
mechanisms. Therefore, combination therapies using these 
agents are worth considering. In fact, metformin is increas-
ingly being used in combination with various DPP-4 inhibi-
tors [7-10].

In this pilot study, we evaluated the effects of alogliptin 
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and metformin alone and in combination on changes in 
blood glucose levels by using a continuous glucose-monitor-
ing system (CGMS) [11-13]. Moreover, the effects of these 
agents on changes in insulin, glucagon, active GLP-1, and 
total GIP levels in two patients with type 2 diabetes and a 
normal control subject were determined.

 
Material and Methods

Subjects

The baseline characteristics of the two Japanese in-patients 
with type 2 diabetes and one Japanese control subject in-
cluded in this study are summarized in Table 1. All study 
participants signed informed consent forms and were free to 
withdraw from the study at any time. The study was conduct-
ed in accordance with the Declaration of Helsinki of 1964, 
as revised in 2008, and guidelines for good pharmacoepide-
miology practice.

Procedure

CGMS

All anti-diabetic drugs for the two patients were washed out 
at least for 5 days before study initiation. The two patients 
were admitted to the diabetes ward at the National Center 
for Global Health and Medicine and equipped with a CGMS 
device (Medtronic MiniMed, CGMS-GOLD, USA). The pa-
tients were monitored for 1 day before the study until the 
end of the study period. The CGMS soft sensor was changed 
at the appropriate times according to the manufacturer’s in-
structions. Glucose levels were measured with a self-mon-
itoring blood glucose device (Nipro Stat Strip XP, Nipro, 
Japan) at least 4 times per day to calibrate the CGMS. The 
recorded data were analyzed with CGMS Solutions software.

Calorie intake

Calories of each breakfast and lunch throughout the study 
period were determined considering the age and body mass 
index (BMI) of the subject. The mean calories contained 
in the breakfasts of patients 1 and 2 and the control subject 
were 393, 390, and 456 kcal, respectively; and those in lunch 
were 593, 592, and 519 kcal, respectively.

Sample collection and analysis

On the first day of the study, the subjects had fasted overnight 
for 14 h. An intravenous line was inserted into the forearm 
vein of each subject that was flushed with sterile 0.9% NaCl 
solution for repeated blood sampling. Blood was drawn be-
fore and 1 h after breakfast and lunch (meals were ingested 
within 10 - 15 min) to measure serum insulin, plasma glu-
cagon, active GLP-1, and total GIP. Blood samples for the 
determination of active GLP-1 were collected into chilled 
BD P700 tubes containing spray-dried dipotassium EDTA 
as anticoagulant and proprietary DPP-4 protease inhibitor 
(Becton Dickinson, Franklin Lakes, NJ, USA). GLP-1 con-
centrations were measured using an enzyme-linked immuno-
sorbent assay (ELISA) kit (Millipore Corp., Billerica, MA, 
USA). Plasma concentrations of amidated GLP-1 (7-36) and 
(7-37) were measured using an antibody highly specific for 
the N-terminus of GLP-1 that does not react with GLP-1 (9-
36), GLP-2, or glucagon. The detection limit of the ELISA 
was 2 pmol/L, with intra- and inter-assay coefficients of vari-
ation (CVs) of 2.6-6.0% and 7.1-9.8%, respectively. Total 
GIP was measured using a human GIP ELISA kit (Millipore 
Corp., Billerica, MA, USA) that has 100% cross reactivity 
with human GIP (1-42) and GIP (3-42) with a detection limit 
of 1.8 pmol/L and intra- and inter-assay CVs of 4.8-6.3% and 
2.2-5.0%, respectively. Serum insulin was measured using a 
chemiluminescent enzyme immunoassay. Blood samples for 
glucagon measurements were collected in tubes containing 

Case 1 Case 2 Control

Age (years) 57 58 48

Sex Male Male Female

BMI (kg/m2) 22.1 26.1 23.1

Diabetes duration (years) 5 5 None

Treatment prior to study Alogliptin Metformin None

HbA1c (%) 7.3 7.4 5.7

Table 1. Subject Characteristics

BMI, body mass index; HbA1c, hemoglobin A1c.
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disodium EDTA plus aprotinin and analyzed by a double-an-
tibody radioimmunoassay. All sample measurements, except 
those for active GLP-1, were performed by SRL Inc. (Tokyo, 
Japan). Active GLP-1 levels were measured by Mitsubishi 
Chemical Medience Corporation (Tokyo, Japan).

Medications

Prior to study initiation, the subjects received no medication 
for at least 5 days. CGM was initiated on day 0, and the first 
blood samples were collected on day 1 (for baseline data). 
Subsequently, alogliptin (25 mg) was administered before 
breakfast on days 2 and 3. On day 4, metformin (250 mg 
twice daily) was given shortly after breakfast and dinner, in 
addition to the alogliptin. Subjects were cautioned about gas-
trointestinal symptoms as a possible adverse effect of met-
formin. On day 5, the metformin dosage was increased to 
250 mg thrice daily (shortly after each meal), in addition to 
the alogliptin. On day 6 or 7, alogliptin was withdrawn, and 
the subjects continued to receive metformin alone for 3 days. 
Blood was sampled on each day at the same time and using 

identical sampling methods.

 
Results

During the study period, the subjects experienced no gastro-
intestinal symptoms caused by the medications, and CGM 
was completed without any complication. The blood glucose 
levels measured by CGM are shown in Figure 1. In case 1, 
blood glucose fluctuations were attenuated after alogliptin 
administration compared to that during no medication; this 
attenuation was even more pronounced with alogliptin and 
metformin co-administration. The attenuation of blood glu-
cose fluctuations persisted after alogliptin was withdrawn 
and metformin alone was administered. In case 2, the fluc-
tuations of blood glucose levels were not different with alo-
gliptin alone compared to that during no medication. How-
ever, during metformin and alogliptin co-administration, the 
fluctuation was attenuated and glycemic control improved. 
The attenuation of blood glucose fluctuations persisted even 
after alogliptin was withdrawn and metformin alone was giv-

Figure 1. Continuous glucose monitoring (CGM) results. CGM results of patients with diabetes in cases 1 and 2 and that of the control 
subject obtained when no medication, alogliptin alone, alogliptin and metformin co-administration, and metformin alone were adminis-
tered. The signs at the bottom of the figures indicate the time of the meals (In the figure for the control patient, the sign indicating lunch 
on the day when metformin alone was administered is missing). The signs on the lines of each figure indicate the times of calibration.
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en. There were no remarkable fluctuations of blood glucose 
levels in the control subject. The accuracy of these measure-
ments was reflected by the means and standard deviations 
(SDs) of CGM measurements (Table 2).

The time courses of insulin, glucagon, active GLP-1, 
and total GIP levels before and 1 h after breakfast and lunch 
are summarized in Figures 2-4. In case 1, alogliptin alone, 

alogliptin and metformin co-administration, and metformin 
alone attenuated the postprandial increase in plasma insulin 
levels compared to that during no medication. In case 2, the 
postprandial increases in plasma insulin levels in all condi-
tions were quite similar. In the control subject, the postpran-
dial insulin levels 1 h after breakfast were higher on metfor-
min alone, similar on alogliptin alone, and lower on alogliptin 

Figure 2. Hormonal changes in case 1. Time courses of plasma insulin (A), glucagon (B), active glucagon-like peptide-1 (GLP-1) (C), 
and total glucose-dependent insulinotropic peptide (GIP) (D) levels before breakfast (BB), 1 h after breakfast (AB), before lunch (BL), 
and 1 h after lunch (AL) in the patient in case 1. Filled triangles, filled squares, open triangles, and open squares indicate no medica-
tion, alogliptin alone, alogliptin and metformin co-administration, and metformin alone, respectively.

Case 1 Case 2 Control

Glucose (mg/dL) (mean ± SD) 

   No medication 144 ± 26 170 ± 66 93 ± 9

   Alogliptin alone 132 ± 14 190 ± 64 100 ± 7

   Alogliptin + metformin 116 ± 7 151 ± 32 88 ± 7

   Metformin alone 110 ± 11 136 ± 29 99 ± 9

Table 2. Twenty-Four-Hour Glucose Levels Measured by Continuous Glucose Monitoring

SD, standard deviation.
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and metformin co-administration, as compared with that 
during no medication. In cases 1 and 2, glucagon levels be-
fore and 1 h after lunch were lower when alogliptin alone, 
alogliptin and metformin co-administration, and metformin 
alone were administered compared to that when no medi-
cation was given. In the control subject, glucagon levels at 
all time points were higher when alogliptin alone, alogliptin 
and metformin co-administration, and metformin alone were 
provided compared to that when no medication was given. 
In all subjects, postprandial active GLP-1 levels were higher 
when alogliptin and metformin co-administration and met-
formin alone were administered as compared to that when 
no medication was given. In the control subject, postprandial 
GLP-1 levels were remarkably higher when alogliptin alone, 
alogliptin and metformin co-administration, and metformin 
alone were administered compared to that when no medica-
tion was given; GLP-1 elevation, especially 1 h after lunch, 
was most prominent when alogliptin and metformin were co-
administered. After alogliptin administration with or without 
metformin, the GIP levels after lunch reduced compared to 
that observed when no medication was given. When on met-
formin alone, the GIP levels after breakfast were higher in 
case 2 and the control subject, and those after lunch, were 

lower in all subjects.

Discussion
  
In this study, the administration of alogliptin alone reduced 
glycemic fluctuation in case 1 but not in case 2 of our patients 
with diabetes. However, this effect was more pronounced in 
both cases when alogliptin was co-administered with met-
formin. In cases 1 and 2, glycemic control was not worsened 
after alogliptin was withdrawn and metformin alone was ad-
ministered continuously. The maintenance of strict dietary 
control during hospital stay may have contributed to this. Al-
ternatively, the fact that insulin resistance rather than insulin 
deficiency was predominant in the two patients may explain 
why metformin worked better than alogliptin.

Metformin increases plasma active GLP-1 in humans 
[14-18]. There are two possible mechanisms for this effect: 
1) metformin inhibits DPP-4 [19], or 2) metformin enhances 
GLP-1 secretion. The first mechanism is controversial be-
cause some studies refute any direct effect of metformin on 
DPP-4 [15, 20]. The second mechanism is supported by the 
work of Maida et al who reported that metformin actually 

Figure 3. Hormonal changes in case 2. Time courses of plasma insulin (A), glucagon (B), active GLP-1 (C), and total GIP (D) levels 
before breakfast (BB), 1 h after breakfast (AB), before lunch (BL), and 1 h after lunch (AL) in the patient in case 2. Filled triangles, filled 
squares, open triangles, and open squares indicate no medication, alogliptin alone, alogliptin and metformin co-administration, and 
metformin alone, respectively.
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increased plasma levels of GLP-1 in mice, enhanced the ex-
pressions of the genes encoding the receptors for both GLP-1 
and GIP in mouse islets, and increased the effects of GIP and 
GLP-1 on insulin secretion from β cells [21]. Interestingly, 
these incretin-sensitizing effects of metformin appear to be 
mediated by a peroxisome proliferator-activated receptor 
α-dependent pathway involving adenosine monophosphate-
activated protein kinase [14, 21]. In addition, Migoya et 
al [22] reported that metformin did not inhibit DPP-4, but 
rather enhanced precursor preproglucagon expression in the 
large intestine, resulting in increased total GLP-1 concentra-
tions.

To assess the drug-induced hormonal changes more 
precisely, we also measured insulin, glucagon, GLP-1, and 
GIP levels after drug administration. In case 1, all treatments 
attenuated the postprandial increment in insulin compared 
to that during no medication, which may be explained by 
an induced decrease in blood glucose levels. In case 2, the 
postprandial insulin levels 1 h after breakfast did not dif-
fer in response to any treatment compared to that during no 
medication; the reason for this is unclear. Because DPP-4 
inhibitors are expected to increase GLP-1 levels, leading 
to restrained glucagon secretion, we anticipated suppressed 

glucagon levels, especially with alogliptin administration. 
This phenomenon was observed in the two patients with type 
2 diabetes, but not in the control subject. Metformin admin-
istration increased postprandial active GLP-1 levels in all 
subjects compared to that during no medication. However, it 
is unclear why alogliptin alone or alogliptin and metformin 
co-administration resulted in lower GLP-1 levels in cases 1 
and 2 compared with that when metformin alone was admin-
istered. Interestingly, GLP-1 levels 1 h after lunch, among 
all blood collection time points, were the highest in all sub-
jects during alogliptin and metformin co-administration. One 
possible explanation for this observation is that metformin 
administration after lunch (the second dose of the day) may 
enhance the effect on metformin-induced GLP-1 secretion. 
Although GLP-1 levels after dinner were not examined in the 
present study, the results suggest that alogliptin and metfor-
min co-administration, with metformin 3 times per day, may 
be beneficial for maintaining or even enhancing the elevation 
of postprandial GLP-1 levels, leading to attenuated postpran-
dial blood glucose excursion. Total GIP levels in both cases 
1 and 2 with alogliptin administration either alone or com-
bined with metformin were slightly lower as compared with 
that during no medication. Meanwhile, it is unclear why GIP 

Figure 4. Hormonal changes in the control subject. Time courses of plasma insulin (A), glucagon (B), active GLP-1 (C), and total 
GIP (D) levels before breakfast (BB), 1 h after breakfast (AB), before lunch (BL), and 1 h after lunch (AL) in the control subject. Filled 
triangles, filled squares, open triangles, and open squares indicate no medication, alogliptin alone, alogliptin and metformin co-admin-
istration, and metformin alone, respectively.
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levels after breakfast were higher in the control subject with 
metformin alone as compared with that during no medica-
tion. As expected, the control subject exhibited no remark-
able glucose fluctuations; therefore, caution should be ex-
ercised when assessing the levels of glycemic and incretin 
markers in control subject, because it remains uncertain how 
incretin hormones behave in normoglycemic condition.

Several studies have found that patients with type 2 dia-
betes exhibit attenuated GLP-1 secretion [23-26]. Our results 
were consistent with those findings, that is, subjects with dia-
betes had lower GLP-1 levels (even with alogliptin adminis-
tration) than the control subject.

Conclusion 

Using CGM, we showed that alogliptin and metformin co-
administration is effective for reducing glucose fluctuations 
and stabilizing postprandial blood glucose levels. However, 
we cannot apply our results to the general population of pa-
tients with type 2 diabetes because only two patients were 
examined. The two patients had completely different pat-
terns of insulin, glucagon, GLP-1, and GIP responses to the 
study medications, suggesting that hormonal responses to bi-
guanides and DPP-4 inhibitors differ among individuals, and 
that these responses may be complicated by multiple factors. 
Further studies with larger numbers of patients are necessary 
to provide a more complete understanding of the hormonal 
responses induced by DPP-4 inhibitors and biguanides.
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