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ABSTRACT

Introduction: Dipeptidyl peptidase 4 (DPP4)
inhibitors are widely used in patients with
type 2 diabetes mellitus (T2DM) on mainte-
nance hemodialysis (HD), but the efficacy of the

once-weekly DPP4 inhibitor omarigliptin is not
known.
Methods: This prospective, randomized, open-
label, parallel-group, non-inferiority/superior-
ity, once-daily DPP4 inhibitor linagliptin-con-
trolled, multicenter study examined glycemic
control and safety of omarigliptin
(UMIN000024284). Sample size was calculated
to confirm non-inferiority in terms of changes
in glycated hemoglobin (HbA1c). We enrolled

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s13300-020-00991-y.

Y. Yoshizawa � D. Ugamura � A. Saito
Department of Applied Molecular Medicine, Kidney
Research Center, Niigata University Graduate
School of Medical and Dental Sciences, 1-757
Asahimachi-dori, Chuo-ku, Niigata, Niigata 951-
8510, Japan

Y. Yoshizawa � D. Ugamura � I. Narita
Department of Clinical Nephrology and
Rheumatology, Kidney Research Center, Niigata
University Graduate School of Medical and Dental
Sciences, 1-757 Asahimachi-dori, Chuo-ku, Niigata,
Niigata 951-8510, Japan

M. Hosojima (&) � H. Kabasawa
Department of Clinical Nutrition Science, Kidney
Research Center, Niigata University Graduate
School of Medical and Dental Sciences, 1-757
Asahimachi-dori, Chuo-ku, Niigata, Niigata 951-
8510, Japan
e-mail: hoso9582@med.niigata-u.ac.jp

N. Tanabe
Health and Nutrition, University of Niigata
Prefecture, 471 Ebigase, Higashi-ku, Niigata, Niigata
950-8680, Japan

Y. Koda
Koda Internal Medicine Clinic, 3748 Yoshida,
Tsubame, Niigata 959-0264, Japan

H. Shimada � T. Takasawa
Shinrakuen Hospital, 3-3-11 Shin-dori-minami,
Nishi-ku, Niigata, Niigata 950-2087, Japan

T. Ito
Kataguilli Medical Center, 4-3-9 Sumiyoshi-cho,
Shibata, Niigata 957-0061, Japan

T. Kitamura � M. Kobayashi
Metabolic Signal Research Center, Institute for
Molecular and Cellular Regulation, Gunma
University, 3-39-15 Showa-machi, Maebashi,
Gunma 371-8512, Japan

Y. Suzuki
Health Administration Center, Niigata University,
8050, Ikarashi 2-no-cho, Nishi-ku, Niigata, Niigata
950-2181, Japan

Diabetes Ther (2021) 12:655–667

https://doi.org/10.1007/s13300-020-00991-y

http://orcid.org/0000-0002-2750-735X
https://doi.org/10.1007/s13300-020-00991-y
https://doi.org/10.1007/s13300-020-00991-y
https://doi.org/10.1007/s13300-020-00991-y
https://doi.org/10.1007/s13300-020-00991-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s13300-020-00991-y&amp;domain=pdf
https://doi.org/10.1007/s13300-020-00991-y


33 patients with T2DM on maintenance HD
who had been treated with linagliptin for at
least 3 months. The patients were randomized
to receive omarigliptin (12.5 mg/week; n = 16)
or linagliptin (5 mg/day; n = 17). Primary end-
points were changes in HbA1c and glycoalbu-
min (GA) over 24 weeks.
Results: Differences in the mean change in pri-
mary endpoint values between the omarigliptin
and linagliptin groups were - 0.61% [- 1.14,
- 0.09] for HbA1c, with a two-tailed upper 95%
limit (i.e., one-tailed 97.5%upper limit) of 0.25%,
below the non-inferiority limit, and - 1.67%
[- 4.23, ? 0.88] for GA, with a two-tailed upper
95% limit of 0.75%, above the non-inferiority
limit.At24 weeks, theomarigliptingroup showed
significantly greater reduction in HbA1c than the
linagliptin group (- 0.2% ± 0.6% vs.
0.4% ± 0.8%, two-tailed p = 0.024) and signifi-
cantly greater reduction in blood glucose after a
single HD session (- 18.4 ± 31.4 mg/dL vs.
25.2 ± 59.5 mg/dL, respectively, two-tailed
p = 0.019). No subjects in the omarigliptin group
developed hypoglycemia.
Conclusions: Our data showed that omar-
igliptin was non-inferior to linagliptin in gly-
cemic control. Omarigliptin is feasible for
glycemic control in patients with T2DM on
maintenance HD.
Clinical Trials Registration: UMIN000024284.

Keywords: Linagliptin; Hemodialysis; Once-
weekly dipeptidase 4 inhibitor; Omarigliptin;
Type 2 diabetes mellitus

Key Summary Points

Why carry out this study?

Efficacy of the once-weekly DPP4 inhibitor
omarigliptin is unknown in patients with
type 2 diabetes mellitus on maintenance
hemodialysis.

There are no reports of comparisons
between once-weekly and once-daily
DPP4 inhibitors in glycemic control and
treatment satisfaction in patients with
type 2 diabetes mellitus on maintenance
hemodialysis.

What was learned from the study?

Once-weekly DPP4 inhibitor omarigliptin
was non-inferior to once-daily DPP4
inhibitor linagliptin in its glycemic
control.

If patients on hemodialysis can take once-
weekly drugs, such as omarigliptin, at a
hemodialysis center, they might maintain
adherence almost perfectly.

Once-weekly DPP4 inhibitor omarigliptin
is feasible for glycemic control in patients
with type 2 diabetes mellitus on
maintenance hemodialysis.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13417397.

INTRODUCTION

Insulin injection therapy is mainly used for
glycemic control in patients on maintenance
hemodialysis (HD) with type 2 diabetes mellitus
(T2DM). Some problems arise in insulin therapy
though, such as hypoglycemia, cumbersome-
ness, and pain from the injection itself [1].
Patients on maintenance HD endure repeated
venipuncture for venous access at each HD
session (usually three times a week) and also
need daily injections of insulin. It would be
ideal to achieve good glycemic control without
insulin injection by using only oral hypo-
glycemic agents (OHAs), but the use of available
OHAs is limited in these patients because of the
risk of prolonged hypoglycemia.

Dipeptidyl peptidase 4 (DPP4) inhibitors
have the benefits of not only providing proper
glycemic control but also being associated with
a lower incidence of hypoglycemia and good
safety, even in patients with chronic kidney
disease [2], so they are widely used in patients
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on maintenance HD [3]. Once-weekly DPP4
inhibitors recently became commercially avail-
able, and compared with once-daily DPP4
inhibitors, they are not inferior in terms of
glycemic control and their efficacy has been
reported [4]. The once-weekly DPP4 inhibitor
omarigliptin is reported to be non-inferior to
other OHAs and to have improved adherence in
patients with T2DM [5]. Omarigliptin is also an
option for patients with severe renal dysfunc-
tion [6]. Because patients on maintenance HD
need to take many oral medications and often
have problems with adherence [7, 8], it is likely
that omarigliptin could improve their
adherence.

However, no reports have compared once-
weekly and once-daily DPP4 inhibitors in terms
of changes in glycemic control in patients with
T2DM on maintenance HD. Therefore, in this
study, we investigated the non-inferiority of
once-weekly omarigliptin compared with the
once-daily DPP4 inhibitor linagliptin in these
patients. We also studied the efficacy of omar-
igliptin in association with changes in plasma
glucagon and active glucagon-like peptide 1
(GLP-1) levels and treatment satisfaction.

METHODS

Participants

Eligible patients (1) had been on maintenance
HD for more than 6 months, (2) were aged at
least 20 years with T2DM treated using DPP4
inhibitors for more than 3 months, and (3) had
given written informed consent for the use of
their clinical data in this study. Exclusion cri-
teria were (1) treatment with GLP-1 receptor
agonists, (2) hypersensitivity to DPP4 inhibitors
or GLP-1 receptor agonists, (3) severe diabetic
ketosis, coma, or pre-coma, (4) severe active
infection, severe trauma, or in the perioperative
period, (5) severe heart or liver dysfunction, (6)
other conditions such as pituitary gland or
adrenal gland dysfunction, impaired nutrition,
starvation, irregular or insufficient dietary
intake, hyposthenia, excessive muscular exer-
cise, or heavy alcohol consumption, (7) preg-
nant, breastfeeding, or may be pregnant, (8)

uncontrolled hyperglycemia (glycated hemo-
globin [HbA1c] C 9% or glycoalbumin [GA]
C 27%) on current treatment with OHAs, or (9)
considered ineligible for this trial by the
attending physician for any medical reasons.

Study Design

This was a prospective, randomized, open-label,
parallel-group, non-inferiority/superiority,
once-daily linagliptin-controlled, multicenter
study conducted at Niigata University Medical
and Dental Hospital and three affiliated dialysis
facilities between April 2017 and March 2018
(UMIN000024284). This study was approved by
the Ethics Committee of Niigata University
(approval number 2015-1277).

The overall study design is shown in Fig. 1.
After providing written informed consent to
participate, patients who had been taking lina-
gliptin continued as they were, but those who
had been taking other DPP4 inhibitors changed
to linagliptin. We provided a pre-observation
period of at least 3 months and checked for
adverse events or side effects through medical
interviews and by investigating standard labo-
ratory parameters. We then randomized the
patients into a group that continued linagliptin
and a group that switched to omarigliptin after
the pre-observation period. Patients in the
linagliptin group took one tablet daily after
breakfast (5 mg/day), whereas patients in the
omarigliptin group took one tablet every first
HD day of the week at their HD center (12.5 mg/
week). The nurses confirmed that the patients
in the omarigliptin group took a tablet at their
HD center and instructed the patients in the
linagliptin group to take a tablet every day.

For randomization, we used the sealed
envelope method. The random sequence of
envelope allocations was generated using block
randomization. The block sequence was deter-
mined on the basis of random numbers gener-
ated in ExcelTM. A controller outside the trial
administration center performed the random-
ization process and created the sealed
envelopes.

The observation period was 24 weeks. From
the start of the observation period, no
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replacement or addition of OHAs was allowed
until 12 weeks. After 12 weeks, if patients had
not achieved HbA1c\10% or GA\29%,
physicians were permitted to add other OHAs
such as glinides or alpha-glucosidase inhibitors
at their discretion in both treatment groups.
However, additional use of insulin was not
allowed. We did not restrict the use of thera-
peutic drugs for other conditions, such as anti-
platelet, antihypertensive, or antidyslipidemia
drugs.

Study Evaluations

The primary objectives of this study were to
assess the efficacy, safety, and effect on quality
of life (QOL) of once-weekly omarigliptin com-
pared with once-daily linagliptin over 24 weeks
of treatment. The hypothesis was that treat-
ment with omarigliptin would provide a non-
inferior reduction in HbA1c and GA compared
with linagliptin over the 24 weeks of treatment.

Primary endpoints were changes from base-
line HbA1c and GA in both groups. Secondary
endpoints were changes in blood glucose,
plasma glucagon, and active GLP-1 before and
after a single HD session and treatment satis-
faction determined using the Diabetes Therapy-
Related QOL (DTR-QOL) questionnaire score.
Safety endpoints included incidence of adverse

events due to omarigliptin, such as
hypoglycemia.

Laboratory Investigations

Body mass index (BMI) was determined by
dividing average body weight (kilograms) after a
single HD session by height (meters) squared.
Pre-HD venous blood samples were obtained at
the beginning of the week. Routine biochemical
parameters were analyzed in the laboratory at
each facility. Samples were obtained for blood
glucose, plasma glucagon, and plasma active
GLP-1 measurements in the middle of the week.
Then, measurements were performed at SRL,
Inc. (Tokyo, Japan). Plasma glucagon levels
were measured using a commercially available
sandwich ELISA kit, which uses monoclonal
antibodies against both the C-terminal and
N-terminal of glucagon (10-1271-01, Mercodia
AB, Uppsala, Sweden). Plasma active GLP-1
levels were measured using a Glucagon-Like
Peptide-1 (Active) ELISA Kit (Millipore, Billerica,
MA).

Patient satisfaction was assessed using the
29-item, self-administered DTR-QOL question-
naire [9, 10]. The DTR-QOL consists of four
primary scales: domain 1, burden on social
activities and daily activities (13 items);
domain 2, anxiety and dissatisfaction with

Fig. 1 Study design. DPP4 dipeptidyl peptidase 4, R randomization, q.d. once daily, q.w. once weekly
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treatment (8 items); domain 3, hypoglycemia (4
items); and domain 4, satisfaction with treat-
ment (4 items) [9, 10].

Statistical Analysis

The primary hypothesis of this study was that
once-weekly omarigliptin was not significantly
inferior to once-daily linagliptin in terms of
glycemic control for patients with T2DM on
maintenance HD. The recommended non-infe-
riority margin of HbA1c was 0.30–0.40%, but we
defined that value as 0.25% to show the non-
inferiority more precisely [11]. We also defined
the non-inferiority margin of GA as 0.75%,
because the GA value was about three times the
HbA1c value reported in a previous clinical
study [12]. For sample size calculation, we used
the non-inferiority margin of HbA1c reduction.
It was assumed that the HbA1c reduction would
be similar to that in previous clinical trials
where omarigliptin resulted in an HbA1c
decrease of 0.80% [6], whereas linagliptin
resulted in a decrease of 0.87% [13], with a
standard deviation (SD) of 0.16% for both
treatments. With a non-inferiority margin of
0.25%, one-sided alpha of 0.025, and power of
0.8, the sample size was calculated as 13 for
each group. Considering a dropout rate of 10%,
the minimum sample size was set to 30 in total.

Efficacy analyses were performed for the full
analysis set, which included participants who
received an allocated treatment and provided
assessable outcome data. Safety data were eval-
uated for all participants who received the
allocated treatment at least once. Numerical
variables were expressed as means ± SD, and
categorical variables were expressed as n (%).
Changes in all assessed numerical data during
the 24-week study period were compared
between the groups using the two-sample t test,
and two-sided p values less than 0.05 were
considered significant. For HbA1c and GA, the
primary endpoints of this study, baseline-ad-
justed mean changes were also compared
between groups on the basis of linear regression
models in post hoc analyses. For the difference
in each primary endpoint between the omar-
igliptin and linagliptin groups, the two-tailed

95% confidence interval (CI) was calculated and
the upper limit was used to evaluate the non-
inferiority. For HbA1c, Welch’s t test was used
for unadjusted comparison and robust 95%
confidence intervals were calculated for both
unadjusted and baseline-adjusted models
because variances of mean changes were statis-
tically different between the groups. All statis-
tical analyses, except for the robust 95%
confidence interval for the baseline-adjusted
model, were performed using IBM SPSS Statistics
for Windows ver. 21.0 (IBM Corp., Armonk,
NY). The robust 95% interval was estimated
using HAD, an Excel-based free statistical pro-
gram package that can be downloaded via the
internet (https://norimune.net/had, Japanese)
[14].

Compliance with Ethics Guidelines

The study was approved by the institutional
review boards of Niigata University and Shin-
rakuen Hospital. All procedures were performed
in accordance with the Helsinki Declaration of
1964, and its later amendments, and conformed
with national regulations. The study was a
prospective randomized controlled trial, and all
patients provided written informed consent for
participation in this study and publication of
their clinical data for research purposes.

RESULTS

The patient disposition is shown in Fig. 2. A
total of 57 patients were screened and 24 were
excluded (screening failure or rejection). A total
of 33 patients were randomized, 17 to omar-
igliptin and 16 to linagliptin. Thirty patients
received the study treatment. Three patients
dropped out before starting treatment because
of unexpected worsening of glycemic control,
withdrawal of consent, or transfer to another
hospital. None of patients in the omarigliptin
group experienced hypoglycemia over the
24 weeks; one patient in the linagliptin group
dropped out at week 21 because of hypo-
glycemia (about 50–60 mg/dL) during HD. This
patient was not administered insulin or another
antihyperglycemic agent. Two patients in the
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omarigliptin group dropped out because of
long-term hospitalization due to cerebral
infarction or lumbar compression fracture.
Their attending physicians deemed that there
was no relationship between omarigliptin and
these diseases. The full analysis set comprised
14 patients in the omarigliptin group and 16
patients in the linagliptin group, making a total
of 30 patients (Fig. 2). The baseline clinical
characteristics are shown in Table 1. Mean age
was 67.6 years, approximately 80% were male,
mean BMI was 23.5 kg/m2, mean HbA1c was
6.3%, mean GA was 20.4%, mean duration of
maintenance HD was 6.1 years, and mean
duration of T2DM was 18.8 years (20.8 ± 11.3
in the linagliptin group; 16.0 ± 8.7 years in the
omarigliptin group). Most of the patients were
started on maintenance HD treatment because
of diabetic nephropathy. For concomitant
drugs, the mean number of tablets per week was
124.3. There were no changes in insulin doses
and prescribed OHAs in either group during the
study period.

The between-group differences in the chan-
ges in HbA1c and GA at 24 weeks are shown in
Table 2 and Figs. 3 and 4. In the full analysis set
(n = 30), the differences in the mean change in
primary endpoint values between the omar-
igliptin and linagliptin groups were - 0.61%
[- 1.14, - 0.09] for HbA1c, with a two-tailed
upper 95% limit of 0.25%, below the non-infe-
riority limit, and - 1.67% [- 4.23, ? 0.88] for

GA, with a two-tailed upper 95% limit of 0.75%,
above the non-inferiority limit. In post hoc
analyses adjusted for baseline values, the dif-
ferences in the mean change between the
omarigliptin and linagliptin groups were -

0.62% [- 1.20, - 0.04] for HbA1c, with a two-
tailed upper 95% limit of 0.25%, below the non-
inferiority limit, and - 2.49% [- 5.15, ? 0.18]
for GA, with a two-tailed upper 95% limit of
0.75%, below the non-inferiority limit (Fig. S1
in the supplementary material). Also, HbA1c
reduction was significantly greater in the
omarigliptin group (- 0.2% ± 0.6%) than in
the linagliptin group (0.4% ± 0.8%, p = 0.024).
GA tended to be reduced in the omarigliptin
group (- 0.3% ± 3.4%) compared with the
linagliptin group (1.4% ± 3.4%; P = 0.190).

The secondary endpoints are shown in
Table 3 and Table S1. Blood glucose reduction
after a single HD session was significantly
greater in the omarigliptin group
(- 18.4 ± 31.4 mg/dL) than in the linagliptin
group (25.2 ± 59.5 mg/dL, p = 0.019). Plasma
glucagon levels before a single HD session
tended to be reduced in the omarigliptin
group compared with the linagliptin group
(- 9.9 ± 30.3 pg/mL and 6.1 ± 31.6 pg/mL, p =
0.176). Plasma glucagon levels after a single HD
session also tended to be reduced in the omar-
igliptin group compared with the linagliptin
group (- 6.8±14.1 pg/mLand2.6±16.6 pg/mL,
p = 0.109). Plasma active GLP-1 levels before a

Fig. 2 Patient disposition. *Included in the full analysis set
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single HD session tended to be increased in
the omarigliptin group compared with the lina-
gliptin group (7.6 ± 12.5 pmol/L and 2.1 ± 7.1
pmol/L, p = 0.168). Themean change in the total
DTR-QOL score was - 1.5 ± 18.3 in the omar-
igliptin group and- 3.0 ± 10.2 in the linagliptin
group (p = 0.799). There were no significant dif-
ferences in any subscale score of the DTR-QOL
between the two groups.

There were no significant differences in
changes of hemoglobin or hematocrit levels
(Table S2). We also examined the doses of ery-
thropoiesis-stimulating agents (ESAs) during the
study period (Table S3). From the start to end of
the observation period, the dose of ESAs
increased in six patients, did not change in
eight, and decreased in none in the omar-
igliptin group, whereas the dose increased in
two patients, did not change in 11, and
decreased in three in the linagliptin group.

There was also no change in the rate of
insulin use or in the dialysis fluid glucose con-
centration between the two groups during the
study period (data not shown).

DISCUSSION

This prospective, randomized, open-label, par-
allel-group, non-inferiority/superiority, multi-
center study examined the efficacy of once-
weekly DPP4 inhibitor omarigliptin compared
with once-daily DPP4 inhibitor linagliptin in
patients with T2DM undergoing maintenance
HD. We confirmed the non-inferiority of
omarigliptin compared with linagliptin in terms
of changes in HbA1c. Moreover, we confirmed
greater reduction in HbA1c and blood glucose
after a single HD session in the omarigliptin

Table 1 Baseline clinical characteristics

Omarigliptin
group

Linagliptin
group

n 14 16

Age, years 67.7 ± 8.9 67.5 ± 9.0

Male, n (%) 12 (85.7) 12 (75.0)

Duration of diabetes

(years)

16.0 ± 8.7 20.8 ± 11.3

Duration of HD (years) 5.6 ± 4.9 6.3 ± 4.4

BMI (kg/m2) 23.5 ± 2.7 23.5 ± 3.8

HbA1c (%) 6.2 ± 0.9 6.5 ± 1.0

GA (%) 18.8 ± 4.3 21.9 ± 3.8

Hemoglobin (g/dL) 10.5 ± 1.2 10.3 ± 1.1

Hematocrit (%) 31.9 ± 3.9 31.7 ± 3.2

Insulin use, n (%) 1 (7.1) 3 (18.5)

Glinide use, n (%) 0 (0) 3 (18.5)

a-GI use, n (%) 0 (0) 3 (18.5)

Other concomitant drugs

(tablets/week)

121.1 ± 81.2 127.2 ± 82.1

Primary disease for ESRD

Diabetic nephropathy,

n (%)

12 (85.7) 11 (68.8)

Nephrosclerosis, n (%) 1 (7.1) 1 (6.3)

Other diseases, n (%) 2 (14.3) 3 (18.5)

Data are presented as mean ± standard deviation, or
n (%)
BMI body mass index, HbA1c glycated hemoglobin, GA
glycoalbumin, ESA erythropoiesis-stimulating agents, HD
hemodialysis, a-GI a-glucosidase inhibitors, ESRD end-
stage renal disease

Table 2 Primary endpoints

Omarigliptin group Linagliptin group p value

n Week 0 Week 24 D24 weeks n Week 0 Week 24 D24 weeks

HbA1c (%) 14 6.2 ± 0.9 6.0 ± 0.6 - 0.2 ± 0.6 16 6.5 ± 1.0 6.9 ± 1.5 0.4 ± 0.8 0.024

GA (%) 14 18.8 ± 4.3 18.5 ± 4.0 - 0.3 ± 3.4 16 21.9 ± 3.8 23.3 ± 4.7 1.4 ± 3.4 0.190

Date are presented as mean ± standard deviation. D24 weeks indicates changes from baseline to 24 weeks
HbA1c glycated hemoglobin, GA glycoalbumin
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group. None of the patients in the omarigliptin
group developed hypoglycemia during the
observation period.

Diabetic nephropathy is the leading cause of
end-stage renal disease (ESRD) worldwide. Good
glycemic control is reported to improve prog-
nosis even in patients with T2DM on mainte-
nance HD [2], but few OHAs can be used in such
patients, so insulin injection therapy is the

standard. However, adherence to insulin injec-
tion therapy is usually lower than adherence to
OHAs because of hypoglycemia. DPP4 inhibi-
tors are widely used in patients with T2DM on
maintenance HD and have a good safety profile.
For example, vildagliptin, a once-daily DPP4
inhibitor, also reduces plasma glucagon levels
and might contribute to reduction of blood
glucose in patients on maintenance HD [15].

Fig. 3 Between-group differences in 24-week changes in
glycated hemoglobin (HbA1c) and glycoalbumin (GA).
The vertical dotted line at 0.25% represents the margin of

non-inferiority for the HbA1c change and 0.75% for the
GA change. Two-headed horizontal arrow bars represent
one-sided 95% confidence intervals

Fig. 4 Changes from baseline in glycated hemoglobin
(HbA1c) and glycoalbumin (GA) after 24 weeks in the full
analysis set. Changes in a HbA1c levels and b GA levels
between the two groups. Between-group differences were

compared using the t test. p values less than 0.05 were
considered statistically significant. Data are shown as the
mean ± standard error
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Moreover, it was reported that patients with
ESRD including those on peritoneal dialysis
with T2DM showed no significant difference in
glycemic control among three types of once-
daily DPP4 inhibitors [16]. Once-weekly DPP4
inhibitor omarigliptin showed non-inferiority
to other OHAs in improving glycemic control
and might thus improve adherence and patient
satisfaction [17]. In a meta-analysis, omar-
igliptin showed obviously better efficacy and
safety and lower risk of hypoglycemia than
placebo [5]. Also, omarigliptin can be used at
low doses in patients with ESRD and is favorably
comparable with placebo or glipizide in terms of
efficacy and safety [18]. In our study, we found
that patients in the once-weekly omarigliptin
group had greater reduction in HbA1c and
blood glucose after a single HD session com-
pared with patients in the once-daily DPP4
inhibitor linagliptin group. Although this was
not a significant difference, we also found that
the omarigliptin group had reduced plasma
glucagon and active GLP-1 levels either before

or after a single HD session compared with the
linagliptin group. There are two possible rea-
sons for the better glycemic control in the
omarigliptin group. First, omarigliptin is a long-
acting OHA, so this drug can maintain higher
DPP4 inhibition over the period of a week [19].
Plasma glucagon levels also tended to be
reduced in the omarigliptin group in our study.
Furthermore, it has been reported that omar-
igliptin might decrease DPP4 secretion and
ameliorate insulin resistance compared with
linagliptin [20]. Accordingly, treatment with
omarigliptin might have more strongly sup-
pressed plasma glucagon and increased active
GLP-1 than treatment with linagliptin over the
period of a week, although more detailed stud-
ies are needed. Second, once-weekly drugs, such
as omarigliptin, might improve adherence by
reducing the medication burden of patients.
Some once-weekly DPP4 inhibitors are currently
available for use. Inagaki et al. reported that the
once-weekly DPP4 inhibitor trelagliptin, which
is contraindicated in patients with ESRD,

Table 3 Secondary endpoints

Omarigliptin group Linagliptin group p value

n D24 weeks n D24 weeks

Glucose before HD (mg/dL) 13 1.2 ± 56.8 16 45.1 ± 91.8 0.127

Glucose after HD (mg/dL) 13 - 18.4 ± 31.4 16 25.2 ± 59.5 0.019

Glucagon before HD (pg/mL) 13 - 9.9 ± 30.3 16 6.1 ± 31.6 0.176

Glucagon after HD (pg/mL) 13 - 6.8 ± 14.1 16 2.6 ± 16.6 0.109

Active GLP-1 before HD (pmol/L) 13 7.6 ± 12.5 16 2.1 ± 7.1 0.168

Active GLP-1 after HD (pmol/L) 13 - 3.0 ± 13.0 16 - 0.7 ± 10.5 0.610

DTR-QOL

Total score 13 - 1.5 ± 18.3 16 - 3.0 ± 10.2 0.799

Subscale score

Domain 1 13 - 2.6 ± 23.5 16 - 2.9 ± 14.6 0.966

Domain 2 13 1.1 ± 15.5 16 - 3.7 ± 12.1 0.374

Domain 3 13 - 3.8 ± 17.5 16 - 5.8 ± 26.0 0.809

Domain 4 13 - 0.5 ± 31.1 16 - 0.5 ± 17.6 0.997

Data are presented as mean ± standard deviation. D24 weeks indicates changes from baseline to 24 weeks
HD hemodialysis, GLP-1 glucagon-like peptide-1, GIP gastric inhibitory polypeptide, DTR-QOL Diabetes Therapy-Related
Quality of Life
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provides well-tolerated long-term safety and
efficacy; therefore, once-weekly drugs are con-
sidered a good therapeutic alternative in
patients with T2DM for improving adherence
[21, 22]. The same as in our study, if patients
undergoing HD can take once-weekly drugs at
the HD center, almost perfect adherence might
be possible. It also might be easy for patients to
take once-weekly DPP4 inhibitors at the HD
center because they are usually also adminis-
tered other once-weekly drugs such as ESAs.

Some studies have reported improved treat-
ment satisfaction when patients with T2DM
switched from once-daily to once-weekly drugs,
based on the Diabetes Treatment Satisfaction
Questionnaire [23]. The DTR-QOL instrument
that we used is an exact reflection of the
patient’s satisfaction with treatment, especially
in relatively younger patients under the age of
65 years [24], those receiving at most two con-
comitant drugs for treatment of comorbidities,
and those who were treatment naı̈ve before the
start of the study [25]. As such, we expected
some improvement in patient satisfaction with
treatment, but there was no significant
improvement in DTR-QOL score in the omar-
igliptin group. In our study, the participants
were relatively old (mean age 67.6 years). They
were also not treatment naı̈ve and received
many concomitant drugs. The mean number of
concomitant drug types was 8.0 per day (17.9
tablets per day, 124.3 tablets per week). In
general, patients on maintenance HD require
many drugs, including antihypertensives or
phosphorus binders. These factors might
explain the lack of significant improvement in
DTR-QOL score in our study. Among those
patients who received hundreds of tablets per
week, treatment satisfaction did not improve
even when the number of tablets decreased by
six tablets per week.

In Japan, rising medical costs for patients
with T2DM on HD are a major challenge.
Monthly medical expenses for maintenance HD
are estimated at about 400,000 JPY per patient.
Kanozawa et al. reported that switching from
other DPP4 inhibitors to lower-dose sitagliptin
on the basis of the patient’s renal function sta-
tus reduced daily drug costs by 88.1 JPY per
patient [26]. Omarigliptin (12.5 mg), as used in

this study, costs about 492.9 JPY weekly, and
linagliptin (5 mg) costs 1005.2 JPY weekly.
Switching linagliptin to omarigliptin reduces
drug costs per patient by 512.3 JPY weekly and
about 30,000 JPY yearly. Notably, the daily
DPP4 inhibitor sitagliptin (12.5 mg dose in
patients on hemodialysis), which is widely used
worldwide, costs about 400 JPY weekly, which is
comparable to the cost of omarigliptin. Omar-
igliptin can therefore be a good therapeutic
option in terms of reducing national medical
costs.

This study has several limitations. First,
although we confirmed that the omarigliptin
group had a greater reduction in HbA1c, this
result might have been affected by changes in
the doses of ESAs in the two groups. Second, we
could not confirm non-inferiority of omar-
igliptin compared with linagliptin in reduction
of GA levels in unadjusted data. We calculated
the sample size of participants based on the
non-inferiority margin in HbA1c. As a result,
the sample size may have been too small to
identify a significant difference in the reduction
of GA levels between the two groups. Setting a
larger sample size might help to confirm non-
inferiority in terms of not only reduction in GA
but also reduction in plasma glucagon and ele-
vation in plasma active GLP-1 levels, so we will
consider using a crossover protocol in a future
study. Third, most of our participants already
had good glycemic control when this study
started. For ethical reasons, we excluded the
patients with poor glycemic control (HbA1c
C 9% or GA C 27%) on current treatment
because they had the potential for further
exacerbation of glycemic control because of
drug changes. Investigating the efficacy of
omarigliptin in patients with poor glycemic
control remains a topic for future research.
Fourth, because of ethical considerations, our
protocol permitted patients to change or add
OHAs if they had not achieved HbA1c\10% or
GA\29% after 12 weeks. However, no patients
changed or added antidiabetic drugs during the
study period, so this point did not appear to
affect our results. Fifth, mean duration of dia-
betes was longer in the linagliptin group than in
the omarigliptin group. This difference might
have affected our results, but the sample size in
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this study was too small to perform multivari-
able analysis. This point would need to be
adjusted for in a further study. Sixth, we could
not measure morning fasting plasma glucagon
or active GLP-1 because some of our patients
underwent HD at night. Seventh, the study
period was only 24 weeks, so the efficacy, safety,
and treatment satisfaction of omarigliptin over
longer periods remain unclear. Eighth, we
compared only linagliptin and omarigliptin,
and therefore the effects of omarigliptin in
comparison with other OHAs are not known.

CONCLUSION

Our data showed that the once-weekly DPP4
inhibitor omarigliptin was non-inferior to once-
daily DPP4 inhibitor linagliptin in glycemic
control. Use of once-weekly omarigliptin is also
practicable for achieving glycemic control in
patients with T2DM on maintenance HD. Fur-
ther research is needed to verify the effective-
ness of omarigliptin in longer-term and larger-
scale studies.
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