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Abstract

Background: The goal of the current study was to investigate the 
long-term effects (after 3 years or more) of alogliptin on glycemic 
control in Japanese patients with type 2 diabetes.

Methods: We retrospectively studied the effect of alogliptin on glyce-
mic control in the patients with type 2 diabetes who had participated 
in our previous 3-month study and who continued to take alogliptin 
for at least 36 months.

Results: The mean duration of alogliptin treatment was 42.8 ± 2.2 
months. In all 39 patients, a significant reduction in hemoglobin 
A1c (HbA1c) levels was noted between the baseline and final vis-
it: 7.8±0.6% to 7.2±1.0% (P = 0.0001). A significant reduction in 
HbA1c levels was found in a subgroup of patients who did not change 
their anti-diabetic drugs or did decrease the dose of their sulfonylu-
reas (SUs) or did change to a lower strength repaglinide (n = 32): 
7.7±0.6% to 7.2±1.0% (P = 0.0005). A significant decrease in low-
density lipoprotein cholesterol (LDL-C) levels was observed in all of 
the patients that had LDL-C levels determined (P = 0.0406) (n = 37), 
and in a subgroup of patients who had not taken either statins, fibrates, 
or pioglitazone, or who had taken one or more of these drugs but the 
doses were not changed during the observation period (P = 0.0250) 
(n = 27).

Conclusion: The current study found that alogliptin performed well 
for glycemic control when evaluated by HbA1c levels in a long-term 
observation period exceeding 3 years in Japanese patients with type 2 
diabetes. Alogliptin may also decrease circulating LDL-C levels with 
long-term use.
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Introduction

It is suggested that good, long-term glycemic control reduces 
the progression of diabetic complications in patients with type 
2 diabetes [1]. Therefore, the importance of the long-term sus-
tained effect, termed “durability”, in the treatment for glycemic 
control of diabetes should be emphasized. In the ADOPT trial, 
rosiglitazone (a thiazolidinedione), which improves insulin re-
sistance, had better durability for glycemic control compared 
with that of sulfonylureas (SUs), which are insulin secreta-
gogues [2]. On the other hand, interestingly, although dipep-
tidyl peptidase (DPP)-4 inhibitors, which block the degrada-
tion of glucagon-like peptide (GLP)-1 (a hormone-stimulating 
insulin secretion in pancreatic β cells) resulting in the eleva-
tion of circulating active GLP-1 levels, are also included in the 
category of insulin secretagogues, it is shown that some DPP4 
inhibitors (such as vildagliptin, saxagliptin, and sitagliptin) had 
good durability for glycemic control in a 2-year study [3-7]. 
Recently, it was reported that alogliptin (a DPP4 inhibitor) also 
had a better durability for glycemic control compared with that 
of glipizide (an SU) in a long-term study (2 years) [8]. At pre-
sent, however, there are no publications demonstrating the du-
rability for glycemic control of alogliptin beyond 2 years.

We previously performed a 3-month clinical study using 
alogliptin to treat Japanese patients with type 2 diabetes [9]. To 
investigate the durability of glycemic control by alogliptin for 
longer than 2 years, we retrospectively explored its effect on 
glycemic control in the patients with type 2 diabetes who had 
participated in our previous study and who continued taking 
alogliptin for at least 3 years (36 months). Before perform-
ing this analysis, we hypothesized that alogliptin would dem-
onstrate good durability for glycemic control for more than 3 
years in Japanese patients with type 2 diabetes.

Patients and Methods

Patients

Our previous study, named APPLE: study of combination 
effect of AlogliPtin and lansoPrazoLE on glycemic control 
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in patients with type 2 diabetes, was performed from De-
cember 2012 to August 2013. The study was registered as 
UMIN0000009445. The detailed study protocol, including the 
inclusion and exclusion criteria, was previously described [9]. 
In brief, the study was a multicenter, randomized, open-label 
study, and a total of 89 patients were enrolled and completed 
the study. Patients who received DPP4 inhibitors during 1 
month before the study, who changed the type or dose of all 
drugs including anti-diabetic drugs during the 1 month before 
the study, who were treated with either proton pump inhibitors 
(PPIs) or H2 receptor blockers of all types, and who were treat-
ed with insulin were excluded. The patients were randomly as-
signed into two groups (alogliptin only group and alogliptin 
+ lansoprazole group (a PPI)) and took the assigned drug(s) 
for 3 months. At the end of this study, most patients continued 
taking alogliptin, while the administration of lansoprazole was 
generally discontinued. The inclusion criteria of the current 
study were 1) continuous administration of alogliptin at least 
for 3 years by October 31, 2016 and 2) patients treated only 
in our hospital. In the total 89 patients enrolled in the APPLE 
study, the number of the patients treated in our hospital was 58. 
In these 58 patients, 19 patients were excluded from the study 
because of the next reasons. Eighteen patients were excluded 
because they were not be able to be followed up over 3 years 
due to hospital change (n = 7) and self-interruption of visits (n 
= 2), or because they discontinued taking alogliptin within 3 
years due to self-interruption of taking medicine (n = 1), the 
change to other DPP4 inhibitors (linagliptin (n = 1), teneliglip-
tin (n = 2), and vildagliptin (n = 2)), the discontinuation due 
to good glycemic control (hemoglobin A1c (HbA1c): 7.5% at 
baseline to 5.5% at time of suspension (n = 1)), the change to 
pioglitazone because of poor glycemic control (HbA1c: 8.7% 
at baseline to 8.7% at the day of change (n = 1)) and both the 
discontinuation of pioglitazone and the change to canagliflozin 
(HbA1: 7.8% at baseline to 7.0% at the day of change (n = 
1)). Mean observation periods in these 18 patients were 14.3 
± 9.0 months. One patient who continued taking alogliptin 
more than 3 years was also excluded because of the occasional 

anemia due to probable gastrointestinal bleeding, which may 
influence HbA1c levels (HbA1c: 7.8% at baseline to 6.3% at 
final visit). Consequently, the 39 patients (the 20 patients in 
the lansoprazole group and the 19 patients in the combination 
group of the previous study) met the inclusion criteria. The 
main purpose of the original APPLE study was to compare the 
effect of alogliptin alone and the combination of alogliptin + 
lansoprazole on glycemic control in patients with type 2 dia-
betes, because it has been reported that PPIs might improve 
glucose metabolism in both animal and clinical studies [10]. 
However, the results of this study were negative for an effect 
on glycemic control [9] and furthermore, at 1 year after com-
pletion of the study (i.e., discontinued use of lansoprazole in 
the combination group and continued use of alogliptin in both 
groups), there was no difference in glycemic control between 
these groups [11]. Therefore, we concluded that lansoprazole 
had no effect on glycemic control at least in that study cohort. 
We included the patients from both groups in the current study 
to increase the number of patients. Accordingly, a total of 39 
patients were evaluated in the current study. The clinical char-
acteristics of these patients are presented at Table 1. The mean 
duration of alogliptin therapy was 42.8 ± 2.2 months, i.e., ap-
proximately 3.5 years.

Methods

The 39 patients who met the inclusion criteria for this study 
were retrospectively analyzed using the medical records from 
December 1, 2012 to October 31, 2016 for each patient. The 
day of the final visit to our hospital was defined as the nearest 
day to October 31, 2016 in which each patient visited to our 
hospital. The markers of glycemic control including the levels 
of plasma glucose (PG) and HbA1c, and levels of serum lipids 
were evaluated in each patient. During the observation period, 
SUs were changed to repaglinide (a short-term insulin secre-
tagogue with similar mechanisms of action to that of SUs) in 
some patients. For the change from SUs to repaglinide, we as-
sumed that 1.5 mg/day of repaglinide was comparable to either 
2 mg/day of glimepiride, 80 mg/day of gliclazide, or 2.5 mg/
day of glibenclamide based on our study and on other previous 
studies [12-14].

Homeostasis model assessment-insulin resistance (HOMA-
IR) and homeostasis model assessment β (HOMA-β)

HOMA-IR was used as an indicator of insulin resistance and 
was calculated as follows: HOMA-IR = fasting PG (FPG) (mg/
dL) × fasting circulating immunoreactive insulin (µU/mL)/405. 
HOMA-β was used as an indicator of insulin secretion and was 
calculated as follows: HOMA-β = 360 × fasting circulating im-
munoreactive insulin (µU/mL)/FPG (mg/dL) - 63.

Ethical considerations

In the original APPLE study, all subjects provided informed 

Table 1.  Clinical Features at Baseline in Patients With Type 2 
Diabetes

No. (male/female) 39 (20/19)
Age (years) 69.3 ± 8.6
Mean duration of alogliptin therapy (months) 42.8 ± 2.2
BMI (kg/m2) 24.4 ± 3.9
FPG (mg/dL) 164.6 ± 34.7
HbA1c (%) 7.8 ± 0.6
Diabetic therapy
  S/M/A/SM/SMA/SMAP/SP/SPA/none 12/4/1/8/5/2/2/1/4
  Statins 7
  Fibrates 3

Data are expressed as mean ± SD. BMI: body mass index; FPG: fast-
ing plasma glucose; HbA1c: hemoglobin A1c; diabetic therapy: the 
number of the patients with respective diabetic therapies; S: sulfonylu-
rea; M: metformin; A: α glucosidase inhibitor; P: pioglitazone.
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consent. The original APPLE study and the current study 
(analysis) were approved by the Local Ethics Committee in 
our hospital. The study was performed according to the guide-
lines of the Declaration of Helsinki.

Statistical analysis

Comparisons of the two time points for each parameter were 
performed using a paired t-test. Comparisons between the 
two groups were made using an unpaired t-test. All statistical 
analyses were performed using Ekuseru-Toukei 2012 software 
(Social Survey Research Information Co., Ltd, Tokyo, Japan). 
A P value of less than 0.05 was accepted as indicating statisti-
cal significance (two-sided).

Results

In all 39 patients, a significant reduction in HbA1c levels was 
noted between the baseline and the final visit: 7.8±0.6% to 
7.2±1.0% (95% confidential interval (CI) for the difference: 
0.3 - 0.9; P = 0.0001) (Fig. 1a, b), while plasma glucose did 
not significantly change during this time frame: 164.6 ± 34.7 to 
159.1 ± 46.7 mg/dL (95% CI for the difference: -7.6 to 18.8; P 
= 0.3992) (Fig. 2a, b). A significant reduction in HbA1c levels 
was also found in a subgroup of patients who either did not 
change their anti-diabetic drugs or the SU dose was decreased, 
or the SUs were changed to a lower strength repaglinide (n = 
32): 7.7±0.6% to 7.2±1.0% (95% CI for the difference: 0.3 - 
0.9; P = 0.0005) (Fig. 3). On the other hand, also in the patients 

who were excluded from the current study because of hospital 
change, self-interruption of visits or the discontinuation taking 
alogliptin within 3 years (n = 18), there was significant reduc-
tion of HbA1c levels from baseline to the day of final visit or 
that of the discontinuation of alogliptin: 7.8±0.6% to 7.0±1.0% 
(95% CI for the difference: 0.4 - 1.2; P = 0.0004).

When the patients were divided into two groups based on 
the median value of either HOMA-β or HOMA-IR at baseline 
(i.e., low and high HOMA-β group, and low and high HO-
MA-IR group, respectively), there was no significant differ-
ence in change of HbA1c levels from the baseline to the final 
visit between the low and high HOMA-β groups (P = 0.5302) 
and between those in the HOMA-IR groups (P = 0.4423). Fur-
thermore, when the patients were divided into two subgroups 
based on a body mass index (BMI) value of less than 25 (n = 
23) and that equal to or greater than 25 kg/m2 (n = 16), signifi-
cant decreases in HbA1c levels were obtained in both groups: 
7.7±0.5% to 7.1±0.7% (95% CI for the difference: 0.3 - 0.9; P 
= 0.0015) in the former and 7.9±0.7% to 7.2±1.3% (95% CI 
for the difference: 0.1 - 1.2; P = 0.0310) in the latter. There 
was no significant difference in the change of HbA1c levels 
from the baseline to the final visit between the two groups (P 
= 0.8848).

In all patients who had their low-density lipoprotein cho-
lesterol (LDL-C) (n = 37) and high-density lipoprotein choles-
terol (HDL-C) levels (n = 36) determined, there was a signifi-
cant decrease of LDL-C and HDL-C levels: 106.5 ± 25.0 to 
96.3 ± 20.9 (95% CI for the difference: 0.5 - 19.9, P = 0.0406) 
for LDL-C, 56.9 ± 14.9 to 53.6 ± 15.1 mg/dL (95% CI: 0.02 
- 6.54; P = 0.0488) for HDL-C, respectively (Fig. 4a, b). In 
a subgroup of patients who did not take anti-hyperlipidemic 

Figure 1. (a) The change in HbA1c levels from the baseline to the final visit with alogliptin therapy in all individuals. (b) The mean 
change ± standard deviation (SD) in HbA1c levels from the baseline to the final visit with alogliptin therapy. *Statistical signifi-
cance. Final visit: mean 3.5 years from baseline.
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drugs (either statins or fibrates) and pioglitazone (a thiazoli-
dinedione) which can influence serum lipid concentrations 
based on our and other previous studies [15, 16] or who had 
taken these drugs but the dose was not changed throughout the 
observation period (n = 27), a significant decrease in LDL-
C levels was maintained: 108.7 ± 24.9 to 95.1 ± 22.8 mg/dL 
(95% CI: 1.8 - 25.3; P = 0.0250) (Fig. 4c). In contrast, a sig-
nificant decrease in HDL-C levels with alogliptin therapy was 
not maintained in this subgroup (n = 26): 56.7 ± 15.4 to 54.0 ± 
15.1 mg/dL (95% CI: -0.7 to 6.3; P = 0.1075) (Fig. 4d).

Discussion

In the current study, alogliptin treatment over a mean period 
of 3.5 years significantly decreased HbA1c levels by approxi-
mately 0.6% in Japanese patients with type 2 diabetes although 
a tendency for a small rebound in HbA1c levels from baseline 
was noted. This finding was similar even in a subgroup of pa-
tients who either maintained their dose of anti-diabetic drugs 
or decreased their dose of SUs, or changed their SUs to a lower 
strength repaglinide (approximately 0.5% reduction). It is re-
ported that a 0.72% reduction in HbA1c levels with alogliptin 
add-on therapy for metformin for 2 years was observed in pa-
tients with type 2 diabetes [8]. Although some of the patients in 
the current study had received multiple anti-diabetic drugs and 
although the patients’ background, such as ethnicity or BMI 
was different between our study [9] and the previous study [8], 
our results suggest that the good durability for glycemic con-
trol with alogliptin reported in the previous study [8] can be 
maintained for a longer term exceeding 3 years. The reason 
for the potentially good durability of alogliptin is unclear. It is 
possible that the potential protective effect of a DPP4 inhibitor 

on pancreatic β cells as shown in a rodent model of type 2 dia-
betes [17] was involved although the protective effect of DPP4 
inhibitors is not yet determined in humans.

It will be interesting to investigate whether the factors, 

Figure 2. (a) The change in plasma glucose (PG) levels from the baseline to the final visit with alogliptin therapy in all individu-
als. (b) The mean change ± SD in PG levels from the baseline to the final visit with alogliptin therapy. Final visit: mean 3.5 years 
from baseline.

Figure 3. The change in HbA1c levels from the baseline to the final visit 
with alogliptin therapy in a subgroup patients who either did not change 
all of their anti-diabetic drugs or the dose of sulfonylureas (SUs) was 
decreased, or the SUs were changed to a lower strength repaglinide (n 
= 32). *Statistical significance. Final visit: mean 3.5 years from base-
line.
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such as insulin secretion activity and insulin resistance at 
baseline, can predict the durability for glycemic control with 
alogliptin or not. We expected that a relatively high HOMA-β 
(an index of insulin secretory activity) and low HOMA-IR (an 
index of insulin resistance) at baseline may be associated with 
the good durability of alogliptin because it is likely that pan-
creatic β cell function and insulin resistance influence the clini-
cal effect of alogliptin. However, contrary to our expectation, 
there was no significant difference in change of HbA1c from 

baseline to final visit between the patient subgroups with low 
and high values of either HOMA-β or HOMA-IR. The reason 
for these negative results is unclear. However, it is possible 
that the concomitant drugs, such as SUs, metformin, and piogl-
itazone, influenced the results, and therefore these associations 
should be investigated in drug-native patients in a future study. 
In addition, there was no difference between the patient sub-
groups with low and high BMI which may be associated with 
circulating DPP4 levels [18], and which therefore may influ-

Figure 4. (a) The change in low-density lipoprotein cholesterol (LDL-C) levels from the baseline to the final visit with alogliptin 
therapy in all patients who had LDL-C levels measured (n = 37). (b) The change of high-density lipoprotein cholesterol (HDL-C) 
levels from the baseline to the final visit with alogliptin therapy in all patients who had HDL-C levels measured (n = 36). (c) The 
change in LDL-C levels from the baseline to the final visit with alogliptin therapy in a subgroup patients who did not take either 
statins, fibrates, or pioglitazone, or who had taken one or more of these drugs but the dose was not changed during the obser-
vation period (n = 27). (d) The change in HDL-C levels from the baseline to the final visit with alogliptin therapy in a subgroup 
patients who did not take either statins, fibrates or pioglitazone, or who had taken one or more of these drugs but the dose was 
not changed during the observation period (n = 26). *Statistical significance. Final visit: mean 3.5 years from baseline.
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ence the effect of alogliptin. However, it is important to note 
that the mean BMI in this study was not very high (approxi-
mately 24 kg/m2), and this may have influenced the result at 
least in part. On the other hand, in the current study, there was 
no significant change in PG during the 3.5-year observation 
period of the study. We suggest that this is due to occasional 
PG measurements, excluding baseline and 3 months at which 
time the FPG was evaluated.

In our previous study [9], a tendency toward a decrease in 
LDL-C levels was noted after 3 months with alogliptin therapy 
and in the current study, a similar significant decrease in LDL-
C levels was found after 3.5 years with alogliptin therapy. The 
significant decrease was retained also in a subgroup of patients 
who either did not take drugs which can influence serum li-
pid levels or who had taken these drugs but the dose was not 
changed during the observation period. There are reports that 
in relative short-term studies DPP4 inhibitors, such as aloglip-
tin in 6 weeks [19], and anagliptin in 6 months [20], decreased 
LDL-C levels, although these findings were not confirmed in 
other studies [21, 22]. Our current study suggests the possi-
bility that this potential lowering of LDL-C levels by some 
DPP4 inhibitors, including alogliptin, may be maintained also 
for a longer term exceeding 3 years. The detailed mechanisms 
of this clinical LDL-C-lowering effect by some DPP4 inhibi-
tors are still unclear although a very recent report showed 
that anagliptin may decrease circulating LDL-C levels via the 
down-regulation of lipid synthesis in the liver in a hyperlipi-
demic animal model [23]. On the other hand, it is reported that 
alogliptin also decreased HDL-C levels in a short-term study 
[19]. However, in the current study, although a significant de-
crease in HDL-C levels was found with alogliptin treatment 
after a mean 3.5 years, the significance was not observed in 
the above-mentioned subgroup. Thus, the robust effect in long-
term use of alogliptin on HDL-C levels is still unclear.

The limitations of the current study are that it was a single-
arm retrospective observation, and the number of patients was 
relatively small. The strength of this study was that the patient 
selection at baseline in the original study was based on robust 
inclusion and exclusion criteria. Furthermore, the circulating 
fasting insulin and glucose levels at baseline were measured, 
allowing for the calculation of HOMA-β and HOMA-IR as 
indicators of insulin secretion and insulin resistance.

In conclusion, we showed in the current study that aloglip-
tin has good durability for glycemic control as evaluated by 
HbA1c levels in long-term observation periods exceeding 3 
years in Japanese patients with type 2 diabetes. Alogliptin sig-
nificantly decreased LDL-C levels during this observation pe-
riod in a patient subgroup who either did not take drugs which 
can influence serum lipid levels or who had taken these drugs 
but the dose was not changed during the observation period. 
For a better understanding of the significance of these findings, 
studies with a larger number of patients are needed.
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