
Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
651

Original Article J Clin Med Res. 2019;11(9):651-663

Efficacy and Safety of Alogliptin in Elderly Patients  
With Type 2 Diabetes Mellitus

Hiroshi Takedaa, Nobuo Sasaia, Shogo Itoa, Mitsuo Obanaa, Tetsuo Takumaa,  
Masahiko Takaia, Hideaki Kaneshigea, Hideo Machimuraa, 

 Akira Kanamoria, Ikuro Matsubaa, b

Abstract

Background: In Japan, with increasing age of the population, dia-
betic patients often become in need of hemodialysis due to diabetic 
nephropathy, and thus there is a demand for development of diabetic 
treatments that take into account renal effects in the elderly. No previ-
ous studies of alogliptin had focused on Japanese elderly subjects; we 
therefore assessed the effects of alogliptin in elderly individuals using 
available data.

Methods: Laboratory data were compiled for 1 year at intervals of 
3 months following the start of alogliptin treatment. The subjects 
were divided into three groups by age: < 65 years (n = 110), 65 - 74 
years (n = 87), and ≥ 75 years (n = 93). Laboratory values in com-
parison with baseline were compared within groups at various time 
points, and changes from baseline were compared among the differ-
ent groups.

Results: Hemoglobin A1c (HbA1c) levels decreased significantly 
from baseline values in all groups at and after month 3: the change at 
month 12 was -0.74±1.45% for the age group < 65, -0.47±1.02% for 
the age group 65 - 74, and -0.42±1.11% for the age group ≥ 75. The 
12-month change in estimated glomerular filtration rate (eGFR) was 
-6.5 ± 12.0 for the age group < 65, -2.0 ± 8.4 for the age group 65 - 
74, and -1.5 ± 10.0 for the age group ≥ 75; the reduction in the age 
group < 65 was significant, whereas the reduction in the age groups 
≥ 65 was not.

Conclusions: Alogliptin significantly lowers HbA1c levels in the el-
derly and can be used without posing any safety issues, including 
renal effects, thus contributing to safe blood glucose control in clini-
cal practice.

Keywords: Type 2 diabetes; Dipeptidyl peptidase-4 inhibitor; 
Alogliptin; eGFR; Elderly

Introduction

According to a statement of the Japanese Society for Dialysis 
Therapy, the total number of patients undergoing prolonged 
hemodialysis therapy in Japan was 334,505 as of the end of 
2017, representing an increase of 4,896 patients compared 
with the previous year [1]. The most common primary disease 
affecting the increasing number of hemodialysis patients was 
diabetic nephropathy, which accounted for 45.6% of male pa-
tients and 35.8% of female patients. The mean age of all he-
modialysis patients was 68.9 years for male patients and 71.4 
years for female patients. A stratified analysis by 5-year age 
span showed the most common age group to be 75 - 79 years 
for male patients and 80 - 84 years for female patients. While 
attention should be paid to the effects of drug treatments and 
drug-induced renal disorders [2], the aforementioned back-
ground places importance to diabetic treatments in elderly 
Japanese patients, with renal effects in mind.

Dipeptidyl peptidase-4 (DPP-4) inhibitors selectively in-
hibit DPP-4, an enzyme that inactivates incretin in living or-
ganisms, to raise blood incretin concentrations and to stimulate 
glucose-dependent insulin secretion [3]. Many DPP-4 inhibi-
tors have persistent effects when administered once daily, and 
hypoglycemia and body weight (BW) changes are unlikely [4]; 
they have been used commonly in Japan since their approval.

We previously reported the efficacy and safety of the DPP-
4 inhibitor alogliptin used in 1-year treatment [5]. Many stud-
ies have so far reported on alogliptin, including the EXAMINE 
study, which reported that alogliptin treatment did not increase 
the mortality rate due to cardiovascular events or the hospitali-
zation rate due to heart failure [6], and another study reporting 
that alogliptin significantly reduced the cardiovascular deaths 
and all-cause mortality rates in some populations [7]. In addi-
tion to clinical trial data, many studies in Japanese subjects re-
ported the efficacy and safety of alogliptin [8-10], including a 
study reporting that alogliptin treatment lessened the progres-
sion of carotid atherosclerosis in terms of intima media thick-
ness (IMT) in type 2 diabetic patients with no cardiovascular 
disease compared with conventional treatments [11] and good 
blood glucose control achieved even in long-term observation 
periods exceeding 3 years [12].

To assess the effects of alogliptin in elderly patients, Prat-
ley et al conducted a meta-analysis of the results from six 
studies, reporting that alogliptin improved hemoglobin A1c 
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(HbA1c) to extents similar to those in young patients, with 
no increased risks of hypoglycemia, BW gains, or other pa-
rameters compared with the young patients [13]. In addition, 
Rosenstock et al compared the 1-year effects of alogliptin and 
glipizide in elderly patients, reporting that alogliptin main-
tained blood glucose control equivalent to that with glipizide, 
with a much lower risk of hypoglycemia and no BW gain [14]. 
No study has focused on elderly Japanese patients, however; 
the meta-analysis by Pratley et al did not include Japanese 
clinical study results, and the study by Rosenstock et al re-
ported US data only.

With this background, we analyzed compiled data for 
patients receiving alogliptin in an exploratory manner and as-
sessed its efficacy and safety in elderly patients with type 2 
diabetes (≥ 65 years).

Patients and Methods

Study design

A multicenter retrospective observational study was conducted 
at clinics and hospitals belonging to the Kanagawa Physicians 
Association. Data were collected from the medical records of 
the subjects and the follow-up period was 1 year. This study 
was approved by the Ethics Review Board of the Kanagawa 
Physicians Association (May 23, 2013) (approval number: 
2521).

Patients

Patients were eligible for this study if they had type 2 diabetes 
mellitus (T2DM), were aged 20 years old or older, regularly 
attended a clinic or hospital belonging to the Kanagawa Physi-
cians Association, and received treatment with alogliptin for 1 
year or longer. Alogliptin was started if glycemic control was 
inadequate for at least 1 month despite diet and exercise thera-
py or diet and exercise plus oral antidiabetic drugs.

The exclusion criteria were as follows: a history of hyper-
sensitivity to any component of alogliptin; a history of severe 
ketoacidosis, diabetic coma or precoma within 6 months be-
fore the start of alogliptin therapy; severe infection; recent or 
planned surgery or severe trauma; concurrent use of insulin 
preparations or glinides; and patients who the attending doctor 
considered to be inappropriate for this study for other reasons.

Items investigated

The baseline characteristics investigated for the subjects in-
cluded the gender, age, height, duration of diabetes, family 
history, smoking history, alcohol history, and complications. 
Use of the following drugs was assessed before treatment 
with alogliptin, at the start of treatment, and 12 months after 
the start of treatment: alogliptin and other antidiabetic drugs. 
Efficacy endpoints were determined at each of the specified 
times, including HbA1c (National Glycohemoglobin Stand-

ardization Program value), blood glucose (fasting and post-
prandial), BW, body mass index (BMI), blood pressure (BP; 
systolic/diastolic), liver function parameters (glutamate ox-
aloacetate transaminase, glutamate pyruvate transaminase, and 
γ-glutamyl transpeptidase), kidney function parameters (serum 
creatinine, estimated glomerular filtration rate (eGFR)), serum 
lipids (total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol (HDL-C), 
triglycerides (TGs)), and serum amylase. In addition, adverse 
events were evaluated at each of these times to assess safety.

Statistical analysis

After patients who did not receive the study drug were exclud-
ed from those whose case records were collected, the remain-
ing patients formed the safety analysis set. The full analysis set 
(FAS) was obtained by excluding patients who met any of the 
following criteria from the safety analysis set: 1) No HbA1c 
data at the start of alogliptin treatment; 2) No HbA1c data after 
the start of alogliptin treatment; 3) Administration of another 
DPP-4 inhibitor after the start of alogliptin treatment; and 4) 
Patients for whom age data were not available.

Data were statistically analyzed in three age groups: < 65 
years, 65 - 74 years, and ≥ 75 years.

Patient characteristics were compared using analysis of 
variance (ANOVA) for continuous variables and Chi-square 
test for nominal variables. With regard to the efficacy in each 
of the three groups, a paired t-test was used to evaluate the 
changes in various parameters from baseline at months 3, 6, 
9, and 12, and ANOVA was used for intergroup comparisons. 
With regard to eGFR, changes from month 3 values at months 
6, 9, and 12 after treatment initiation were also evaluated by 
paired t-test. In all analyses, two populations were available: 
all subjects and subjects newly receiving alogliptin. Intragroup 
comparisons did not take multiplicity into account, and the sig-
nificance level was set at 5% (two-sided). The analytical soft-
ware R version 3.4.1 (R Foundation for Statistical Computing, 
Vienna, Austria (https://www.R-project.org/)) was used for 
calculations. Data are presented as mean ± standard deviation 
or number (proportion) of patients.

Results

Of the 330 patients enrolled in the study 290 who met the se-
lection criteria and did not meet any of the exclusion criteria 
were selected for the subanalysis set (Fig. 1). Study population 
breakdown by age group was as follows: 110 patients (37.9%) 
at < 65 years, 87 patients (30.0%) at 65 - 74 years, and 93 
patients at ≥ 75 years (32.1%). The proportion of women and 
disease duration increased with increasing age, and the pro-
portion of patients with hepatic steatosis, drinking history, or 
family history increased with younger age (Table 1). Similar 
tendencies were noted in the patients newly receiving aloglip-
tin; however, there was no significant difference in sex ratio or 
incidence of hepatic steatosis in those patients (Supplementary 
Table 1, www.jocmr.org).
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There was no significant difference in the proportion of pa-
tients who were switched from other DPP-4 inhibitors among 
the three groups (27 patients, 24.5%, at < 65 years; 28 patients, 
32.2%, at 65 - 74 years; and 21 patients, 22.6%, at ≥ 75 years); 
however, concomitant use of biguanide (BG) decreased with 
increasing age (Table 2). The same tendency was found in the 
patients newly receiving alogliptin (Supplementary Table 2, 
www.jocmr.org).

Changes in eGFR are shown in Figure 2. In the age group 
< 65, eGFR decreased significantly from the baseline value 
of 89.0 ± 20.8 at all time points. At and after month 3, there 
was no significant change from month 3 value (3 - 6 months 
change -0.8 ± 9.5, P = 0.536; 3 - 9 months change -0.3 ± 10.6, 
P = 0.817; and 3 - 12 months change -1.7 ± 11.4, P = 0.232). 
In the age group 65 - 74, eGFR tended to decrease without sig-
nificant change. In the age group ≥ 75, a significant decrease 
(-2.9 ± 9.4) was noted only at month 3; however, no significant 
change was noted after that time. The analysis results from the 
patients newly receiving alogliptin were similar to those from 
all patients; however, there was no significant intragroup dif-
ference in change from baseline in the age group < 65 at month 
3, with intergroup differences in change noted only at month 9 
and month 12 (Fig. 3).

Changes in other parameters are shown in Table 3. HbA1c 
levels decreased significantly in all age groups at all measuring 
time points: the change at month 12 was -0.74±1.45% for the 
age group < 65, -0.47±1.02% for the age group 65 - 74, and 
-0.42±1.11% for the age group ≥ 75. Significant differences 
in change were noted among the age groups only at month 3; 
however, after that time and until month 12, no difference was 
noted among the age groups. In the age group < 65, the per-
centage of BG users significantly increased at month 12 com-
pared to the baseline (P = 0.033, Chi-square test). However, in 
the patients who belong to the age group < 65 and who did not 
newly begin using BG, HbA1c decreased significantly from 

the baseline value of 7.46 ± 1.41 to month 12 value of 6.78 ± 
1.17 (P < 0.001 paired t-test). Analysis of the patients newly 
receiving alogliptin also revealed change differences among 
the age groups at month 6; however, there were similar chang-
es at other time points (Supplementary Table 3, www.jocmr.
org). With regard to changes in blood pressure, body weight, 
and BMI, there was no significant difference among the vari-
ous age groups. Although some other parameters showed inter-
group differences in change, none of them prevailed through-
out the entire study period.

Hypoglycemia occurred in one patient in the age group 
< 65 and one patient in the age group 65 - 74; constipation 
in three patients in the age group ≥ 75; neurological disease, 
hypertension, and dyslipidemia each in one patient in the age 
group < 65; and bone fracture in one patient in the age group 
≥ 75.

Discussion

The present study demonstrated that alogliptin was safe and 
effective in elderly Japanese patients. Even though serum am-
ylase and creatinine were elevated for month 3 and month 6 
after the administration, there were no cases that reported an 
adverse event.

eGFR decreased significantly in the age group < 65 at 
month 3, after which time, however, the level remained con-
stant, with no further reductions. The baseline eGFR for the 
age group < 65 was somewhat high, at 89.0 ± 20.8. Increased 
eGFR also represents an unwanted condition, with excessive 
filtration due to hyperglycemia, suggesting a reduction in 
eGFR and a restoration of normal state. In the age group ≥ 
75, eGFR decreased significantly by -2.9 ± 9.4 at month 3. 
However, at and after month 6, there was no significant dif-
ference, and the 12-month change was -1.5 ± 10.0; the signifi-

Figure 1. Participant flow.
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cant difference is considered to have been a transient change. 
Our previous study of sitagliptin showed that eGFR decreased 
significantly in elderly subjects aged over 65; however, this 
parameter did not decrease in the patients with low baseline 
eGFR, although it decreased in the patients with high baseline 
eGFR [15]. Ujihara et al reported similar results [16]. Their 

study showed the eGFR change to be -2.7 ± 8.1 in elderly pa-
tients receiving sitagliptin for 3 months, a level similar to ours 
in the present study; it can be conjectured that there is no ma-
jor difference in renal effects in the elderly between sitagliptin 
and alogliptin. This can be supported by the fact that the renal 
excretion rate in healthy adults does not differ widely between 

Table 2.  Medications of the Full Analysis Set

Time Age < 65 Age 65 - 74 Age ≥ 75 P*
Number of applicable patients 0 M 110 87 93

12 M 100 79 84
DPP-4 inhibitors Before 27 (24.5%) 28 (32.2%) 21 (22.6%) 0.302

0 M 110 (100%) 87 (100%) 93 (100%) N/A
12 M 100 (100%) 79 (100%) 84 (100%) N/A

Sulfonylurea Before 38 (34.5%) 38 (43.7%) 41 (44.1%) 0.289
0 M 36 (32.7%) 38 (43.7%) 35 (37.6%) 0.289
12 M 40 (40%) 34 (43%) 32 (38.1%) 0.811

Biguanide Before 36 (32.7%) 20 (23%) 14 (15.1%) 0.013*
0 M 39 (35.5%) 24 (27.6%) 14 (15.1%) 0.004*
12 M 50 (50%) 24 (30.4%) 17 (20.2%) < 0.001*

Thiazolidine Before 28 (25.5%) 12 (13.8%) 18 (19.4%) 0.125
0 M 22 (20%) 14 (16.1%) 16 (17.2%) 0.758
12M 22 (22%) 9 (11.4%) 15 (17.9%) 0.178

α-glucosidase inhibitors Before 25 (22.7%) 20 (23%) 26 (28%) 0.639
0 M 19 (17.3%) 11 (12.6%) 15 (16.1%) 0.659
12 M 13 (13%) 10 (12.7%) 12 (14.3%) 0.948

Glinide Before 5 (4.5%) 4 (4.6%) 7 (7.5%) 0.588
0 M 0 (0%) 0 (0%) 0 (0%) N/A
12 M 0 (0%) 0 (0%) 0 (0%) N/A

Insulin Before 0 (0%) 1 (1.1%) 0 (0%) 0.310
0 M 0 (0%) 0 (0%) 0 (0%) N/A
12 M 0 (0%) 0 (0%) 1 (1.2%) 0.343

DPP-4: dipeptidyl peptidase-4; M: month; N/A: not applicable. *P < 0.05 Chi-square test.

Figure 2. Changes in eGFR (all patients). *P < 0.05 versus 0 month, paired t-test; **P < 0.05, ANOVA. eGFR: estimated glomeru-
lar filtration rate; ANOVA: analysis of variance.
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sitagliptin (87%) [17] and alogliptin (76%) [18].
HbA1c decreased significantly in all age groups. Our 

previous study of sitagliptin showed significant reductions in 
HbA1c irrespective of age group [15]; similar results were ob-
tained with alogliptin in the present study. In terms of changes 
at month 3, on the other hand, age-related differences were 
noted. We previously reported that the full-set analysis in the 
ATTAK-J study showed HbA1c to decrease with increasing 
initial HbA1c level and with decreasing duration of disease 
[5], and this may have influenced the results of the stratified 
analysis in the present study, in which the young subjects 
had higher HbA1c levels and shorter duration of disease. The 
age-stratified analysis in the present study showed satisfac-
tory control of HbA1c to be 6.84 ± 0.86 at month 3 in the age 
group ≥ 75; the study drug was not weakly effective in blood 
glucose reductions. DPP-4 inhibitors improve blood glucose 
control by increasing insulin secretion with a dependence on 
blood glucose level via inhibition of glucagon-like peptide-1 
(GLP-1) inactivation and DPP-4-mediated action, thus inhibit-
ing glucagon secretion [19, 20]. This finding of HbA1c repre-
sents the characteristic dependence of the effects of the study 
drug on blood glucose. A meta-analysis of non-Japanese data 
by Pratley et al found a change in HbA1c of -0.8% in the ≥ 65 
age group at month 26 of alogliptin treatment [13], which was 
greater than the -0.5% change in the present study. This dif-
ference is attributable to the fact that the 8.0% initial HbA1c 
level reported by Pratley et al [13] was higher than the baseline 
HbA1c levels of 7.06% to 7.39% in the elderly subjects in the 
present study.

In the elderly, kidney dysfunction can delay drug excretion 
and pose a hypoglycemia issue due to blood-glucose-lowering 
drugs. In the present study, hypoglycemia occurred at low inci-
dences (i.e. in one patient in the age group < 65 and one patient 
in the age group 65 - 74). This result demonstrates safety of 
alogliptin treatment in the elderly. One study reported, howev-
er, that severe hypoglycemia due to the use of a blood-glucose-
lowering agent was likely to occur in the elderly [21]. Patients 
at ≥ 75 years of age often have disorders in cognitive and/or 
physical function [22-26], and their hypoglycemic symptoms 
are likely to be overlooked, which in turn can lead to symp-

tom exacerbations [27]. Even with the use of DPP-4 inhibitors, 
which exhibit their effects with blood glucose dependence, it 
will continue to be necessary to encourage patients to be aware 
of their subjective symptoms of hypoglycemia to ensure that 
signs will not be overlooked.

No significant changes in BP were observed in any group, 
nor was there any intergroup difference. Although BW de-
creased significantly by -0.3 ± 1.5 kg at month 3 in the age 
group ≥ 75, this decrease is considered to have no influence on 
the safety, since there was no significant difference at or after 
month 6, and the changes were small and transient. The results 
for effects on lipid and liver function markers were similar to 
the previously reported full analysis results. Although subanal-
ysis results revealed some tendencies not found in the full-set 
analysis results, the HDL-C reductions in the age group 65 - 74 
and GPT reductions in the age group < 65 are attributable to 
higher baseline values of the respective parameters.

The results for the effects of alogliptin in elderly subjects 
in the present study showed tendencies similar to those for the 
effects of sitagliptin in elderly subjects in our previous study. 
Which of the two drugs is superior remains unknown, because 
of the absence of direct comparisons with a study population 
of elderly subjects only; however, it seems that there is no ma-
jor difference in the efficacy or safety up to 1 year of treatment. 
Although many studies have compared the effects of differ-
ent DPP-4 inhibitors in an analysis including young subjects, 
they reported variable results for blood glucose control effects 
and inconsistent judgments concerning the superiority of the 
drugs [28-35]. Meta-analyses have not found any significant 
difference in hypoglycemic action among different DPP-4 in-
hibitors [36, 37]. In a meta-analysis focusing on alogliptin, 
Kay et al compared the effects of alogliptin with those of four 
other DPP-4 inhibitors (linagliptin, saxagliptin, sitagliptin, and 
vildagliptin) in patients with insufficient blood glucose control 
by treatment with metformin and sulfonylurea (SU), reporting 
that alogliptin did not differ from the other DPP-4 inhibitors in 
terms of efficacy and safety [38]. The excretory pathway dif-
fers among DPP-4 inhibitors. Alogliptin, sitagliptin, anaglip-
tin, omarigliptin, and trelagliptin are excreted as unmetabo-
lized drugs mainly from the kidney into the urine. Vildagliptin 

Figure 3. Changes in eGFR (patients newly receiving alogliptin). *P < 0.05 versus 0 month, paired t-test; **P < 0.05, ANOVA. 
eGFR: estimated glomerular filtration rate; ANOVA: analysis of variance.
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and saxagliptin are metabolized mainly in the liver. Linagliptin 
is excreted from the biliary system, and teneligliptin is me-
tabolized in the liver and excreted from the renal system. In the 
elderly, in particular, the excretory pathways for these drugs 
can influence their safety; therefore, further evidence must be 
compiled.

As stated in the Introduction, Japan is facing an issue of 
preventing initiation of hemodialysis due to exacerbation of 
diabetic nephropathy. In October 2017, the Japanese Society 
of Nephrology and Japan Diabetes Society jointly adopted 
the Strategic Action Plan for Diabetic Kidney Disease (DKD) 
[39]. Since that time, these groups have been collaborating 
on implementation of DKD status surveys, elucidating its pa-
thology, and developing new treatments. The present study 
showed alogliptin to be effective and safe in the treatment of 
elderly patients, providing valuable therapeutic evidence for 
elderly people as incipient diabetics. Generally, clinical trials 
include relatively small proportions of elderly subjects both in 
and outside Japan; data obtained for elderly subjects prior to 
the approval of the study drug can be insufficient. Conducted 
as a survey in actual clinical settings, unlike clinical trials, the 
present study is of great clinical implication by providing such 
data as valuable evidence for diabetic treatment.

Limitations

The present study lacked a control group, because it was con-
ducted in an open-label retrospective fashion. In addition, no 
data on concomitant use with sodium-glucose transport pro-
tein 2 (SGLT2) inhibitors were available, because they were 
not approved at the time the data were obtained. Patients with 
GLP-1 receptor agonists were not included in this study. There 
are two backgrounds. One is that we acquired retrospective 
data at that time when DPP-4 inhibitors were approved. An-
other is that in our study subject, DPP-4 inhibitors were better 
suited for patients than GLP-1 analogues. The study was not 
based on accurate power calculations, because of its nature as 
an exploratory analysis.

Conclusions

Alogliptin significantly lowers HbA1c levels in the elderly and 
can be used without posing any safety issues, including renal 
effects, thus contributing to safe blood glucose control in clini-
cal practice.
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