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Purpose: Experimental evidence has suggested that dipeptidyl peptidase-4 (DPP-4) inhibi-
tors have an anti-inflammatory effect as well as a glucose-lowering effect, but this has yet to
be confirmed in diabetic patients. Therefore, we examined the anti-inflammatory effects of
two kinds of DPP-4 inhibitors in patients who participated in the randomized evaluation of
anagliptin (ANA) vs sitagliptin (SITA) on low-density lipoprotein cholesterol in diabetes
(REASON) Trial, which compared low-density lipoprotein-cholesterol lowering effects
between (ANA) and SITA in patients with type 2 diabetes, dyslipidemia, and atherosclerotic
vascular lesions.

Patients and Methods: The studied patients consisted of 177 patients who received ANA
200 mg per day and 176 patients who received SITA 50 mg per day for 52 weeks. We
measured high-sensitivity C-reactive protein (hs-CRP), white blood cells (WBC), and inter-
leukin-6 (IL-6) before and after treatment for 52 weeks, and the changes in inflammatory
markers were measured as the differences between baseline and 52 weeks. Furthermore, we
checked the relationship between the change in hs-CRP and several clinical factors such as
the baseline hs-CRP level, use of a moderate-intensity statin, presence of coronary artery
disease (CAD) and taking a previous DDP-4 inhibitor.

Results: The levels of the inflammatory markers hs-CRP, WBC, and IL-6 were determined
to have not significantly changed from baseline to the final follow-up in each arm; further-
more, the changes in these markers were not significantly different between the two groups.
The change in hs-CRP level was not affected by the baseline hs-CRP level, use of a
moderate-intensity statin, presence of coronary artery disease, and absence of prior DPP-4
inhibitor use.

Conclusion: In this sub-analysis from the REASON Trial, taking a DPP-4 inhibitor, either
ANA or SITA, for 52 weeks did not affect the levels of inflammatory markers.
Keywords: C-reactive protein, dipeptidyl peptidase-4, DPP-4 inhibitor, inflammation,
interleukin-6, white blood cell

Introduction

Diabetes mellitus (DM) has been identified as one of the strongest risk factors for
atherosclerotic disease.'” In Europe and the United States, myocardial infarction is the
direct cause of death in 40-50% of patients with diabetes, and the number of patients
with diabetes that die as a direct result of ischemic heart disease is reportedly increas-
ing. In Japan, the number of patients with DM has seen a significant increase over the

past few decades.’ Thus, a multifactorial intervention that includes control of blood
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glucose, blood pressure, and lipid levels is crucial for the
prevention of DM-related vascular disease.>*” Regarding
drug treatment, dipeptidyl peptidase-4 (DPP-4) inhibitors
were determined to enhance the action of glucagon-like pep-
tide-1 (GLP-1), identified as the most physiologically impor-
tant incretin, and they consequently show various actions,
such as the stimulation of glucose-dependent insulin secre-
tion, inhibition of glucagon secretion and gastric emptying,
and regulation of appetite.® DPP-4 inhibitors have gained
widespread use in the clinical setting because they have
been reported to improve hemoglobin Alc levels with less
frequent severe complications, although favorable effects on
cardiovascular outcomes from adding DPP-4 inhibitors to
usual care in diabetic patients with established cardiovascular
diseases have yet to be established.”'°

It has been reported that inflammation is closely related
to the development of atherosclerosis,'' and that an
improvement of the inflammatory response may reduce
the onset of cardiovascular events.'*!> Thus, much interest
has been focused on the anti-inflammatory effect of drugs,
including antidiabetic drugs such as DPP-4 inhibitors, that
are used to treat patients with cardiovascular risk factors or
established cardiovascular diseases.'*

The Randomized Evaluation of Anagliptin vs Sitagliptin
On low-density lipoproteiN cholesterol in diabetes
(REASON) Trial has recently compared the effectiveness
of anagliptin (ANA) and sitagliptin (SITA) in reducing low-
density lipoprotein cholesterol (LDL-C) in patients with
type 2 diabetes, dyslipidemia, and existing atherosclerotic
vascular lesions. The study demonstrated that ANA was
superior to SITA in lowering LDL-C by an estimated treat-
ment difference of 4.5 mg/dL."” This finding might cause
some difference in anti-inflammatory effects with ANA and
SITA, because it has been shown that a reduction in LDL-C
can lower the inflammatory response.'® Thus, in this present
sub-analysis of the REASON Trial, we determined whether
the two different DPP-4 inhibitors, ANA and SITA, exhibit
anti-inflammatory effects.

Patients and Methods

Trial Design and Participants

The design and participants of the REASON Trial were
previously reported in the protocol paper.'” In brief, the
REASON Trial was a multicenter, randomized, open-label,
active-controlled, parallel-group trial that compared the
effectiveness of ANA versus SITA in reducing LDL-C in
patients with type 2 diabetes, dyslipidemia, and existing

atherosclerotic vascular lesions. Eligible participants were
adults (age >20 years) diagnosed with type 2 diabetes that
was treated with diet and exercise alone or in combination
with hypoglycemic agents who had existing atherosclero-
tic vascular lesions, were treated with statins for dyslipi-
demia for >8 weeks, and had documented LDL-C >100
mg/dL in at least one measurement after using statins. Key
exclusion criteria were as follows: type 1 diabetes; trigly-
cerides >400 mg/dL in a past fasting blood sample; preg-
nancy, potential pregnancy, or breastfeeding in women;
severe infections; surgery; serious trauma; serum creati-
nine level >2.4 mg/dL for men or >2.0 mg/dL for women;
and use of GLP-1 receptor agonists. In addition, patients
who had regularly taken anti-inflammatory drugs, such as
nonsteroidal anti-inflammatory drugs and steroids, were
excluded from this present analysis.

Randomization and Intervention

The randomization and interventions were also reported in
the previous paper.'” In brief, participants in the ANA group
were given ANA 100 mg orally twice daily for 52 weeks. If
the effects were deemed insufficient, the dose could be
increased to 200 mg orally twice daily. Meanwhile, partici-
pants in the SITA group were given SITA 50 mg orally once
daily for 52 weeks. If the effects were deemed insufficient,
the dose could be increased to 100 mg per day. If the
participants used antidiabetic drugs other than DPP-4 inhi-
bitors at the start of the trial, the study drug was adminis-
tered concomitantly, and such antidiabetic drugs were not
replaced. The treatment assignment was not concealed from
the participants or the treating physicians.

During the trial period, hypoglycemic agents and anti-
dyslipidemia drugs (statins, ezetimibe, anion-exchange
resin agents, fibrates, and eicosapentaenoic acid) were
not added, and their dosages were not changed; a change
in the dose of insulin was not considered a change in
hypoglycemic agent. The need for other therapy was deter-
mined by the physician in charge; however, changes in
other medications with possible effects on the glycemic
and lipid control were deemed prohibited. Clinical
research coordinators regularly monitored the participants
and their physicians in order to ensure adherence to the
study medication/dose at every visit. If a violation was
found, then the participants were removed as per protocol.

Measurements
The blood samples were analyzed at the core laboratory
(SRL Inc., Tokyo, Japan). Levels of the inflammatory
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markers high-sensitivity C-reactive protein (hs-CRP, mg/
L), white blood cells (WBC/mm®), and interleukin-6 (IL-6,
ng/mL) were examined at baseline and the final follow-up.
In this present sub-analysis, the differences in these
inflammatory markers were expressed as the marker levels
at final follow-up minus those at baseline. To check the
relationship between the difference in hs-CRP and clinical
parameters, the effects of the baseline level of hs-CRP, the
use of moderate-intensity statins, the presence of estab-
lished coronary artery disease (CAD), and the absence of
previous DPP-4 inhibitor use were then evaluated.

Definitions

Regarding the statins taken, a moderate-intensity statin
was defined as taking atorvastatin (10-20 mg), rosuvasta-
tin (5-10 mg), simvastatin (20—40 mg), or pravastatin (40—
80 mg); meanwhile, a mild-intensity statin was defined as
taking these statins at less than the doses listed.'®
Established CAD was defined as a previous medical his-
tory of acute coronary syndrome, history of percutaneous
coronary intervention or coronary artery bypass graft, or
significant coronary stenosis >75% on coronary angiogra-
phy or coronary computed tomography accompanied by
ischemic chest symptoms. Hypertension was defined as the
presence of systolic blood pressure >135 mm Hg and/or
diastolic blood pressure >85 mm Hg or the use of anti-
hypertensive drugs.

Statistical Analyses

All analyses were performed under the intention-to-treat
principle. Categorical variables were expressed as frequen-
cies with percentages, whereas continuous variables were
expressed as means with standard deviations or medians
with interquartile ranges. The subgroup classification of
hs-CRP was based on the median value. All statistical
analyses were performed at the data center (Institute for
Clinical Effectiveness) by the study statistician (T.
Morimoto), who used JMP 13.1 (SAS Institute Inc.,
Cary, NC) and SAS 9.4 (SAS Institute Inc., Cary, NC)
based on the statistical analysis plan. All P-values were
determined to be two-sided, and P < 0.05 was considered
significant.

Results

Patient Characteristics
Among the 353 participants, 177 patients were grouped
into the ANA group and 176 patients into the SITA group

(Figure 1). The patient characteristics are summarized in
Table 1. The presence of past medical history, including
established CAD; use of medications, including aspirin;
and levels of inflammatory markers at baseline were deter-
mined to be not significantly different between the two
groups.

The Changes in the Inflammatory

Markers

There were no significant differences between the two
groups in terms of the hs-CRP, WBC, and IL-6 levels at
baseline (Table 1). The changes in these inflammatory
markers from baseline to the final follow-up in the two
groups are presented in Table 2. No significant differences
from baseline to the final follow-up were noted in either
arm, and the changes in these markers were determined to
not significantly differ between the two groups. Because
there were no significant differences in these markers, we
performed the next sub-analysis using only hs-CRP.

Relationship Between the Change in hs-

CRP and Clinical Parameters

First, the change in hs-CRP was deemed to not be asso-
ciated with the changes in LDL-C or hemoglobin Alc in
the REASON Trial. To check the factors responsible for
the change in hs-CRP in the two groups, the hs-CRP level
at baseline (median value 0.658 mg/L), use of moderate-
intensity statins, presence of established CAD, and
absence of prior DPP-4 inhibitor use were evaluated. The
change in hs-CRP in the two groups was not affected by
these factors (Figure 2).

Discussion

In this sub-analysis of the REASON Trial, we determined
whether the effects of ANA and SITA on inflammatory
markers were different in diabetic patients with high car-
diovascular burden. Our findings showed no significant
differences in the inflammatory markers hs-CRP, WBC,
and IL-6 after the use of these DPP-4 inhibitors in such
patients. In addition, the difference in hs-CRP in the two
groups was not affected by the hs-CRP value at baseline,
use of moderate-intensity statins, presence of established
CAD, or prior use of DPP-4 inhibitors.

DM has been identified as a major risk factor for the
development of atherosclerotic disease,” and atherosclero-
sis is considered to be an inflammatory disease.'’ Thus,
much interest has focused on the anti-inflammatory effect
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Assessment for eligibility (n = 380)

Excluded (n = 27)

Did not meet eligibility criteria (n = 3)
Consent withdrawal (n = 20)
No baseline measurements (n = 4)

Randomized (n = 353)

!

l

Anagliptin (n=177)

Sitagliptin (n = 176)

Terminated (n = 24)
Consent withdrawal (n = 4)
No visit after randomization (n = 5)
Use of restricted medication (n = 5)
Adverse events (n = 3)
Other medical conditions (n = 6)

Terminated (n =16)
Consent withdrawal (n = 1)
No visit after randomization (n = 3)
Use of restricted medication (n = 7)
Adverse events (n = 3)

Death (n=1)

[ Full analysis set ]

Other medical conditions (n = 2)

Anagliptin (n = 153)

Figure | Participants’ flowchart.

of antidiabetic drugs. Actually, there have been several
studies showing the presence of an anti-inflammatory effect

of antidiabetic drugs, including thiazolidinediones,'®*°

GLP-1 receptor agonists,'*** and sodium glucose co-trans-
porter 2 inhibitors.”® In the REASON Trial, we used two
different DPP-4 inhibitors, and there have been some stu-
dies focusing on the anti-inflammatory effects of DPP-4
inhibitors.'***°

In terms of the relationship between DPP-4 and inflam-
mation, some experimental studies have shown that DPP-4
is expressed on macrophages, especially in visceral adi-
pose tissue, and is involved in T cell proliferation and
activation.'#3° Furthermore, it has been shown that
tumor necrosis factor-alpha can cause the release of solu-
ble DPP-4,'*! which acts as an agonist for protease-
activated receptor 2 on vascular cells, an activator of
downstream cyclooxygenase, and a promotor of endothe-
lial release of the vasoconstrictor thromboxane A2.'*** In
addition, it has been shown that this type of soluble DPP-4
in a concentration-dependent manner can activate extra-
cellular signal-regulated kinase 1/2, induce phosphoryla-
tion of the nuclear factor kappa B subunit p65, and
increase inducible nitric oxide synthase activity and
expression and secretion of proinflammatory cytokines.'*
Thus, these experimental results demonstrate the presence
of a relationship between DPP-4 and inflammation and

Sitagliptin (n = 160)

further show the possibility that both soluble- and mem-
brane-bound DPP-4 contain a catalytic site that can be
inhibited by DPP-4 inhibitors."*

Regarding clinical studies, there have been several
studies investigating the anti-inflammatory effects of
DPP-4 inhibitors, especially SITA and ANA, which were
utilized in the REASON Trial.**?° In the studies using
SITA, some showed a significant reduction in the level of
CRP,**?¢ but others showed no significant changes in CRP
levels.?>*® In one study using ANA, the level of CRP was
reduced at 12 weeks but not at 24 weeks in comparison
with the level at baseline. In these studies,”**® the differ-
ences in the characteristics of the studied patients and the
control drug used may have contributed to the different
results. Furthermore, the study periods in these studies
were within 26 weeks, and there was no study with a
study period >26 weeks.

The REASON Trial has some unique characteristics,
and they are as follows: (1) comparisons between two
different kinds of DPP-4 inhibitors (SITA and ANA), (2)
the study period was 52 weeks, which is longer than that in
other studies,>* 2

some type of statin and had a history of atherosclerotic

and (3) all the examined patients took

vascular lesions. In this present sub-analysis, the levels of
the inflammatory parameters hs-CRP, WBC, and IL-6 were
not significantly different between baseline and final
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Table | Patients Characteristics

All Patients (n=353) ANA (n=177) SITA (n=176)
Age (yrs) 68 (10) 68 (10) 68 (9)
Men (%) 214 (61) 110 (62) 104 (59)
Body mass index 26.17 (3.79) 26.49 (4.04) 25.85 (3.50)
Smoking Current (%) 54 (15) 30 (17) 24 (14)

Past (%) 141 (40) 62 (35) 79 (45)
Hypertension (%) 270 (76) 137 (77) 133 (76)
Established CAD (%) 159 (45) 80 (45) 79 (45)
Taking moderate statin (%) 278 (79) 142 (80) 136 (77)
Taking aspirin (%) 153 (43) 84 (47) 69 (39)
Taking thiazoridine (%) 56 (16) 25 (14) 31 (18)
Taking SGLT2-inhibitor (%) 56 (16) 28 (16) 28 (16)
Taking previous DDP-4 inhibitor (%) 290 (82) 145 (82) 145 (82)
Total cholesterol (mg/dL) 185 (169-204) 188 (171-207) 183 (167-199)
Triglyceride (mg/dL) 120 (86-167) 129 (95-186) 114 (80-159)
HDL-cholesterol (mg/dL) 52 (45-61) 52 (45-60) 53 (45-62)
LDL-cholesterol (mg/dL) 108 (96-122) 112 (97-123) 106 (94-121)
Fasting blood sugar (mg/dL) 133 (116-118) 136 (115-116) 128 (117-153)
Hemoglobin AIC (%) 6.9 (6.4-7.4) 7.0 (64-7.6) 6.8 (64-7.3)
WBC (/mm?) 6100 (5200-7200) 6365 (5325-7500) 5900 (4900-7000)
hs-CRP (mg/L) 0.658 (0.316-1.475) 0.675 (0.360—1.450) 0.608 (0.307—1.515)
IL6 (ng/mL) 2.1 (1.5-32) 2.2 (1.4-3.4) 2.1 (1.5-2.8)

Note: Variables are presented as mean (standard deviations) or medians with interquartile ranges.
Abbreviations: ANA, anagliptin; CAD, coronary artery disease; DDP-4, dipeptidyl peptidase-4; HDL, high-density lipoprotein; hs-CRP, high-sensitive C-reactive protein; IL,
interleukin; LDL, low-density lipoprotein; SITA, sitagliptin; SGLT-2, sodium glucose co-transporter 2; WBC, white blood cells.

Table 2 Changes in Inflammatory Markers

ANA SITA P value
Baseline A (52W-Baseline) P value Baseline A (52W-Baseline) P value (2 Groups)
(baseline vs (baseline vs
52wW) 52-W)
hs-CRP (mg/L) 0.675 (0.360, 1.450) 0.495 (1.201) 0.61 0.608 (0.308, 1.515) —0.252 (3.867) 0.41 0.46
(n=152) (n = 160)
WBC (/mm?) 6365 (5325, 7500) —49.42 (1339.56) 0.67 5900 (4900, 7000) 157.63 (1482.59) 0.21 0.22
(n=169) (n = 160)
IL-6 (pg/dL) 22 (1,4, 34) 0.694079 (5.67741) 0.13 2.1 (1.5, 2.8) 0.151250 (3.22338) 0.55 0.3
(n=152) (n=170)

Note: Variables are presented as medians with interquartile ranges or mean (standard deviations).
Abbreviations: ANA, anagliptin; hs-CRP, high-sensitive C-reactive protein; IL, interleukin; No., number; SITA, sitagliptin; WBC, white blood cells.

follow-up in each arm. Moreover, we evaluated the relation-
ship between the change in the hs-CRP level and some
clinical factors. It has been well known that many clinical
factors influence the hs-CRP level,*® and we adopted the
factors, such as baseline hs-CRP level, use of a moderate-
intensity statin, presence of established CAD, other than the
absence of prior DPP-4 inhibitor use, which was the impor-
tant factor for the present subanalyses; none of them affect

the change in hs-CRP level. Based on our results, the two
kinds of DPP-4 inhibitors, ANA and SITA, that were used
in the REASON Trial had no significant effect on the
inflammatory markers after 52 weeks of treatment. Such
findings support clinical studies that have shown a lack of
favorable effects on cardiovascular outcomes from adding
DPP-4 inhibitors to usual care in diabetic patients with

. . . 1
established cardiovascular diseases.” '°
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n ANA SITA ANA better  SITA better Estimate 95% CI Interaction P
Baseline level of hs-CRP
=0.658 154 -0.438 -1.021 | L7 i 0.583 -2.584 - 3.750 0.804
<0.658 158 1.505 4.264 f—1—e— 1.079 -1.304 — 3.462
Taking a moderate-strong statin
Yes 243 0.637 -0.262 l @ | 0.898 -1.543 — 3.340 0.756
No 69 -0.080 -0.222 —— 0.149 -2.275 - 2.560
Presence of established CAD
Yes 140 -0.013 -0.825 I ® | 0.817 -3.202 — 4.825 0.961
No 172 0918 0.205 —reo— 0.714 -0.783 - 2.210
Taking a previous DPP-4 inhibitor
Yes 254 0.635 -0.182 —te— 0.817 -1.587 — 3.221 0.869
No 58 -0.150 -0.543 Lo ||_ ® | | L1 0.393 -0.872 - 1.656
| I I
4 3 2 10 1 2 3 4 5

Figure 2 Subgroup analyses of the difference in the level of high-sensitivity C-reactive protein (hs-CRP).
Abbreviations: ANA, anagliptin; CAD, coronary artery disease; DPP-4, dipeptidyl peptidase-4; SITA, sitagliptin.

Several explanations can be provided for the present
results showing no significant anti-inflammatory effect of
the two kinds of DPP-4 inhibitors. First, the doses of the
DPP-4 inhibitors adopted in the present study may be
insufficient to reduce the inflammatory markers. Most of
the studied patients received the standard dose of DPP-4
inhibitors. Furthermore, in general, it has been shown that
a reduction in LDL-C can cause a reduction in hs-CRP
level.'® The main result of the REASON Trial was the
finding that ANA was deemed superior to SITA in low-
ering LDL-C by the estimated treatment difference of 4.5
mg/dL; however, such a small difference in LDL-C was
also found insufficient to cause a significant change in hs-
CRP level. Second, all of the patients studied had taken
statins, which have an anti-inflammatory effect,:“4 and the
baseline level of CRP was low in both study arms. These
findings suggest that many of the studied patients had a
stable inflammatory state, showing no significant change
in inflammatory markers. Third, the biological counter-
reaction to the inhibitions of DPP-4 may occur within 52
weeks. In a clinical study using ANA,?’ the level of CRP
at 12 weeks was significantly reduced; however, the level
at 24 weeks was not reduced when compared with the
level at baseline. This may indicate that the inhibition of
DPP-4 and anti-inflammatory reaction was present in the

acute phase; however, a biological counterreaction to this

reaction may occur in the late phase, further leading to the
nonsignificant reduction in the levels of the inflammatory
markers. Lastly, the study period of the REASON Trial
was 52 weeks, and it is possible that external factors may
have affected our results. Actually, it has been reported
that there is a seasonal variation in CRP levels and that the
presence of passive smoking may affect the level of
CRP.*® These factors may counter the anti-inflammatory
effect of DPP-4 inhibitors in the present sub-analysis of
the REASON Trial.

There were several limitations to the present study.
First, many of the studied patients had taken some kind
of DPP-4 inhibitor before the randomization (82%); thus,
there was a small group of studied patients who had not
taken DPP-4 inhibitors (DPP-4 inhibitors naive), in whom
it might be expected that starting to take a DPP-4 inhibitor
could have an influence on the levels of inflammatory
markers. Second, to analyze the effect of DPP-4 inhibitors
on inflammatory markers as the surrogate marker of car-
diovascular outcomes not as an acute inflammatory mar-
ker, the period of 52 weeks may be too short. Thus, longer
follow-up periods may be needed. Third, the setting of the
numbers of studied patients in the REASON Trial was not
originally aimed for these sub-analyses. Fourth, the
REASON Trial did not employ a control group; thus, the

natural course of inflammatory markers for 52 weeks was
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unclear. Finally, many factors are reported to influence the
hs-CRP level,33 and we adopted several factors, such as
baseline hs-CRP level, use of a moderate-intensity statin
and presence of established CAD, because we had con-
sidered the presentative factors influencing hs-CRP level.
However, we did not evaluate the validity of all the factors
influencing the hs-CRP level.

Conclusions

In the sub-analysis of the REASON Trial, the two different
types of DPP-4 inhibitors, ANA and SITA, were deter-
mined to have no significant effect on the inflammatory
markers in patients with diabetes and established cardio-
vascular lesions who were taking any kind of statin.

Abbreviations

ANA, anagliptin; CAD, coronary artery disease; DM, dia-
betes mellitus; DPP-4, dipeptidyl peptidase-4; GLP-1, glu-
cagon-like peptide-1; hs-CRP, high-sensitivity C-reactive
protein; IL-6, interleukin-6; LDL-C, low-density lipopro-
tein cholesterol; REASON Trial, Randomized Evaluation
of Anagliptin and Sitagliptin in reducing low-density lipo-
protein cholesterol in diabetes Trial; SITA, sitagliptin;
WBC, white blood cells.
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