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Omarigliptin decreases inflammation
and insulin resistance in a pleiotropic manner
in patients with type 2 diabetes

Sachiko Hattori”

Abstract

Background: Omarigliptin is a potent, selective, oral dipeptidyl peptidase 4 (DPP4) inhibitor with a half-life that
allows weekly dosing. Inflammation or insulin resistance might be pathological mediators of cardiovascular events in
patients with type 2 diabetes.

Methods: Whether omarigliptin has anti-inflammatory effects that result in decreased levels of high-sensitivity
C-reactive protein (hsCRP) and anti-insulin resistance effects that decrease levels of homeostatic model assessment of
insulin resistance (HOMA-IR) were investigated. Patients were allocated to continue with daily DPP4 inhibitors (control,
n=28) or to switch from daily DPP4 inhibitors to weekly omarigliptin (omarigliptin, n = 56). Fasting blood and urine
samples were collected before, and every 3 months after intervention for 1 year.

Results: Omarigliptin tended to elicit reductions in fasting blood glucose (FBG), LDL-cholesterol, triglyceride, aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transpeptidase (y-GTP), the urinary
albumin-to-creatinine ratio (ACR) with logarithmic transformation (log ACR), and systolic and diastolic blood pressure,
but the differences did not reach statistical significance compared with control. Values for HDL-cholesterol tended to
increase, but also did not reach statistical significance compared with control. Omarigliptin significantly decreased
HOMA-IR, remnant-like particle cholesterol (RLP-C), and hsCRP with logarithmic transformation (log hsCRP) compared
with control. However, omarigliptin did not affect hemoglobin Alc (HbA1c), body mass index (BMI), and estimated
glomerular filtration rates (eGFR).

Conclusion: Omarigliptin decreased inflammation and insulin resistance without affecting HbA1c or BMI. Although

how DPP4 inhibitors affect cardiovascular (CV) outcomes remains uncertain, omarigliptin might confer CV benefits at
least in part, via pleiotropic anti-inflammatory or anti-insulin resistance effects.

Trial registration UMIN Clinical Registry (UMIN000029288). Registered 22 September, 2017, https://upload.umin.acjp/

UMIN000029288
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Background

Omarigliptin is a potent, selective, oral dipeptidyl
peptidase 4 (DPP4) inhibitor with a half-life that allows
weekly dosing [1, 2]. Because they can ameliorate
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glycemic control in patients with type 2 diabetes with-
out severe side effects, daily DPP-4 inhibitors have
become an established part of the treatment regi-
mens for patients over the past 10 years. Oral dipepti-
dyl peptidase 4 (DPP4) inhibitors increase pancreatic
B-cells and insulin sensitivity in the liver, muscle and
adipose tissues [3]. Besides, DPP4 therapy has anti-
inflammatory and anti-atherogenic effects, and can

©The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


https://upload.umin.ac.jp/UMIN000029288
https://upload.umin.ac.jp/UMIN000029288
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13098-020-00533-3&domain=pdf

Hattori Diabetol Metab Syndr (2020) 12:24

improve endothelial function and reduce vascular
stiffness [3]. However, daily doses of DPP4 inhibitors
do not lower plasma insulin in patients with insulin
resistance [4—6]. In addition, whether weekly doses
of omarigliptin can reduce inflammation or insulin
resistance remains unknown. We aimed to determine
whether inflammation and insulin resistance can be
decreased more effectively by omarigliptin 25 mg/week
than by sitagliptin 50 mg/day or linagliptin 5 mg/day
for 12 months.

Methods

Study design and participants

This single-center, open-label, randomized, prospec-
tive study included 84 patients who have attended our
clinic for at least 12 months and had hemoglobin Alc
(HbA1c)>6.0% regardless of diet, exercise, and daily
medication with the DPP4 inhibitors sitagliptin (50 mg)
or linagliptin (5 mg). Table 1 shows the inclusion and
exclusion criteria. The patients were allocated in a 1:2
ratio using numbered containers to continue the same
daily regimens of sitagliptin 50 mg (n=19) or lina-
gliptin 5 mg (n=9) as a control group (n=28) or to
switch from these inhibitors (n =40 and n =16, respec-
tively) to omarigliptin 25 mg/week (omarigliptin group:
n=56). Table 2 shows that all patients continued medi-
cation with oral hypoglycemic drugs (sulfonylureas,
metformin, or an a-glucosidase inhibitor), antihyper-
tensive (angiotensin II receptor blockers or calcium
channel blockers), and antihyperlipidemic agents
(statins or fibrates). The patients were given detailed
explanations of the study protocol, then all patients
provided written informed consent to participate in the
study. The study protocol was approved by the Ethics
Committee at Tohto Clinic. This trial was registered
with the University Hospital Medical Information Net-
work (UMIN000029288).

Table 1 Entry criteria and exclusion criteria

Entry criteria

(i) Age > 20 years

(i) Type 2 diabetes mellitus with HoA1c > 6.0%

(iii) Body mass index (BMI) more than 20 and less than 30

(iv) Treatment with diet, exercise therapy and daily DPP4 inhibitors
Exclusion criteria

(i) Type 1 diabetes

) Severe diabetic metabolic complications, such as ketoacidosis

i) Severe liver dysfunction

(
(
(iv) Pregnant or breast-feeding women and those who might be preg-
nant

Page 2 of 7

Table 2 Baseline characteristics and medications

of the participants

Control (n=28) Omarigliptin (n=56) p value

Age (years) 59.17+7.85 59.00+7.33 0.638
Male/(female) 21 (7) 40 (16) 0.8
Baseline medication

Sitagliptin 19 40 0.802

Linagliptin 9 16 0.802

Sulfonylureas 5 11 1

Metformin 7 14 1

a-Gl 4 6 0.7248

ARB 9 18 1

CCB 6 14 0.7913

Statins 9 19 1

Fibrates 5 11 1

Data were expressed as mean = standard deviation

a-Gl, a-glicosidase inhibitor; ARB, angiotensin Il receptor blocker; CCB, calcium
channel blocker

Measurements and endpoints

Blood and urine samples were collected from all
included patients after an overnight fast at baseline and
then at intervals of 3 months for 1 year. Values for high-
sensitivity C-reactive protein (hsCRP), immunoreactive
insulin (IRI), remnant-like particle cholesterol (RLP-
C), and urinary albumin were assessed at LSI Medi-
cine Corporation (Tokyo, Japan). Other biochemical
data were generated in-house. The homeostatic model
assessment of insulin resistance (HOMA-IR) was cal-
culated as (fasting blood glucose (FBG) x IRI)/450. The
primary and secondary endpoints were changes among
HbA1c, BMI, hsCRP, and HOMA-IR between baseline
and 1 year later, and between baseline and 3-month
intervals in the control and omarigliptin groups.

Statistical analysis

Data are expressed as mean =+ standard deviation (SD)
and all data were statistically analyzed using EZR soft-
ware version 1.21 [7]. Parameters before, and at 3, 6, 9,
and 12 months after treatment were compared using
paired t tests. Differences in parameters between the
control and omarigliptin groups over 12 months were
analyzed using repeated measures ANOVA. Categori-
cal and continuous baseline values and medications
were analyzed using Fisher exact tests and t tests,
respectively. Statistical significance for differences was
set at p<0.05.
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Results

All examined parameters remained unaltered in the
control group for 12 months (Table 3). Omarigliptin
slightly, but not significantly reduced FBG values, but
significantly reduced IRI and HOMA-IR values com-
pared with the control. Values for HbAlc, BMI, and
estimated glomerular filtration rates (eGFR) remained
essentially unchanged in the omarigliptin group for
12 months. Omarigliptin substantially reduced RLP-C
and hsCRP with logarithmic transformation, and
reduced values for aspartate aminotransferase (AST),
alanine aminotransferase (ALT), gamma-glutamyl
transpeptidase (y-GTP), the urine albumin-to-creati-
nine ratio with logarithmic transformation (log ACR),
LDL-cholesterol, HDL-cholesterol, triglycerides (TG),
and systolic and diastolic blood pressure slightly, but
not significantly, compared with the control (Tables 3
and 4). Figure 1 shows the time courses for HbAlc,
BMI, hsCRP with logarithmic transformation, and
HOMA-IR. Omarigliptin substantially decreased
inflammation and insulin resistance without affecting
the control of glucose levels and body weight.

Discussion

Omarigliptin is a potent, selective, DPP4 inhibitor that
is administered weekly, is generally well tolerated and
associated with a very low incidence of adverse events
[8, 9]. No adverse events including mild hypoglycemia
developed in either the omarigliptin group or the control
group in the present study.

This study aimed to determine whether weekly
omarigliptin could improve inflammation and insu-
lin resistance more effectively than daily sitagliptin and
linagliptin. The results showed that weekly doses of
omarigliptin decreased hsCRP and remnant lipoproteins
and ameliorated insulin resistance more effectively than
daily doses of the other two DPP4 inhibitors.

Daily doses of DPP4 inhibitors do not result in
decreased plasma insulin levels or ameliorated insulin
resistance in insulin-resistant, hyperinsulinemic indi-
viduals [4—6]. Adipose tissue inflammation and insulin
resistance closely correlate in obese persons and block-
ing systemic or adipose tissue macrophage inflamma-
tion improves insulin sensitivity in obese mice [10—13].
A recent study has shown that DPP4 secreted by hepat-
ocytes in obese mice promotes adipose inflammation
and insulin resistance [14]. Omarigliptin is a DPP4
inhibitor with a half-life that enables weekly dosing
and it has a wide organ distribution including the liver
[1, 15]. Therefore, it might decrease morning gluca-
gon levels more effectively than daily DPP4 inhibitors
[16]. However, we did not measure values for glucagon,
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although it can lower FBG and insulin levels, and con-
sequently decrease HOMA-IR. Omarigliptin might also
decrease DPP4 secretion by hepatocytes that might
promote adipose inflammation and insulin resistance.
We found that omarigliptin tended to reduce liver
transaminases, which could be due to reducing the
amount of fat in the liver that might overexpress DPP4
[17, 18].

Remnant lipoproteins are thought to be atherogenic,
and amounts of various remnant lipoproteins circulating
in the blood are reflected in remnant-like particle cho-
lesterol (RLP-C). Thus, high RLP-C levels are believed to
constitute a significant independent risk factor for coro-
nary artery disease (CAD) and to predict future coronary
events in patients with confirmed CAD, as well as those
with type 2 diabetes [19]. The present study found that
omarigliptin decreases RLP-C levels, which is closely
associated with the amelioration of insulin resistance and
inflammation [20].

Daily DPP4 inhibitors including omarigliptin do not
increase the risk of major adverse cardiovascular events
[2]. The present study found that omarigliptin exerted
more anti-inflammatory and anti-insulin resistance
effects than daily DPP4 inhibitors. Arima et al. associ-
ated hsCRP levels with future coronary heart disease
events in a general Japanese population [21]. Therefore,
a decrease in hsCRP levels caused by omarigliptin might
result in considerable CV risk reduction in Japanese
patients with type 2 diabetes mellitus. A meta-analysis of
the three major cardiovascular outcomes of DPP4 inhibi-
tors by Crowley et al. [22] showed that metformin might
modulate the effects of DPP4 inhibitors on CV outcomes.
They speculated that the mechanism through which met-
formin potentiates the effectiveness of DPP4 inhibitors
is via endogenous glucagon-like peptide-1 (GLP-1): met-
formin increases levels of GLP-1, whereas DPP4 inhibi-
tors prevent GLP-1 degradation. Addy et al. showed that
although DPP-4 activity was inhibited by~90%, post-
prandial (PP) 4-h weighted mean active GLP-1 concen-
trations were increased ~twofold, and PP glucose was
significantly reduced by omarigliptin compared with
a placebo in a pooled population [23]. However, GLP-1
levels have not been compared between omarigliptin and
other DPP4 inhibitors.

The regulation of glycemia by DPP4 inhibition is
mainly achieved by preventing endogenous GLP-1 deg-
radation. However, some glycemia-independent pleio-
tropic actions of DPP4 inhibitors including antioxidant
and neurorestorative effects have been found [24]. Ayoub
et al. advocated repositioning omarigliptin as a weekly
anti-parkinsonian agent because omarigliptin was the
first gliptin to cross the blood brain barrier [25]. These
findings suggest that omarigliptin confers pleiotropic
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Fig. 1 Time course of HbA1c, BMI, HOMA-IR, and log hsCRP in
patients treated with daily DPP4 inhibitors and weekly omarigliptin.
Red circles, omarigliptin; blue squares, daily DPP4 inhibitors (control
group). Data are presented as mean = SD. Group differences between
control and omarigliptin were analyzed using repeated measures
ANOVA (*p<0.05, p=0.73536,0.2176,0.01409, and 0.00712 for
HbA1c, BMI, HOMA-IR, and log hsCRP, respectively)

pharmacological benefits due to a low molecular
weight and lipophilic properties that permit wide organ
distribution.

The limitations of the present study were the relatively
small patient cohort and the open label design. We repeat-
edly evaluated the HOMA-IR to determine changes in
insulin resistance. Although insulin sensitivity should ide-
ally be precisely evaluated using the glucose clamp proce-
dure [26, 27], this method is impractical for the long-term
assessment of large numbers of patients. Nevertheless, the
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glucose clamp procedure is needed to accurately evaluate
the ability of omarigliptin to decrease insulin resistance.

Conclusion

Daily-DPP4 inhibitors need to inhibit >80% of DPP4 activ-
ity to maximally lower glucose values. The intake of 25 mg
of omarigliptin rapidly induces the maximum inhibi-
tory action of DPP4 by ~98%, and this is maintained at
83% after 7 days which allows weekly dosing [28]. Here,
we showed that weekly doses of omarigliptin ameliorated
insulin resistance and decreased hsCRP levels without
affecting the control of glucose levels or body weight, com-
pared with daily doses of sitagliptin and linagliptin. Despite
uncertainty as to how DPP4 inhibitors affect CV outcomes,
omarigliptin might confer CV benefits at least in part, via
pleiotropic anti-inflammatory or anti-insulin resistance
effects.
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