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Abstract

Background: There are few clinical trials addressing the difference in pleiotropic effects among
dipeptidyl peptidase (DPP)-4 inhibitors. We aimed to identify difference in effects on biochemical
markers of inflammation, oxidative stress, and atherosclerosis between two DPP-4 inhibitors in
patients with type 2 diabetes. Methods: We prospectively observed twenty subjects with type 2
diabetes before and after a practical medication change from a treatment with pioglitazone and
sitagliptin 50 mg to a combination tablet containing the same dose of pioglitazone and alogliptin
25mg, which was actually identical to switching from sitagliptin to alogliptin. After 3 months,
changes from baseline in clinical data and various biochemical markers were evaluated. In partic-
ular, body mass index (BMI) and hemoglobin Alc (HbA1lc) were additionally followed after 12
months for evaluation of chronic outcomes. Results: Among markers, serum levels of high mole-
cular weight (HMW) adiponectin significantly increased from 6.9 * 3.6 ug/ml to 8.2 + 4.0 ug/ml (P
= 0.0045). Although no clinical data changed after 3 months, significant improvements in HbAlc
and BMI were observed after 12 months. Their rates of changes tended to inversely correlate with
the increased percentages of serum HMW adiponectin levels during initial 3 months, but they did
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not reach statistical significance. Conclusions: In spite of pretreatment with pioglitazone, addi-
tional increase in serum HMW adiponectin levels was demonstrated after switching from sitaglip-
tin to alogliptin. Given multiple favorable roles of adiponectin in metabolic and cardiovascular
states, alogliptin, at least when combined with pioglitazone, would be beneficial in treatment of
type 2 diabetes.
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1. Introduction

Metabolic syndrome, which is characterized by visceral adiposity, is widely recognized as a risk factor for di-
verse metabolic disorders including type 2 diabetes, hypertension, and dyslipidemia, and finally causes atheros-
clerotic diseases. Although the molecular mechanisms underlying development or progression of these obesi-
ty-related comorbidities are not completely understood, growing evidence suggests that they are closely asso-
ciated with states of inflammation and oxidative stress [1]-[3], both of which lead to adipose tissue dysfunction
as well as vascular dysfunction. Therefore, using medicines with beneficial pleiotropic effects on adipose tissue
or vasculature, such as suppressing inflammation or decreasing oxidative stress, would be more essential for the
treatment of each metabolic disorder and protection of atherosclerosis.

Adipose tissue is an endocrine organ which secretes a number of so-called adipokines such as leptin, mono-
cyte chemoattractant protein (MCP)-1, and adiponectin, and dysregulation of their productions seen in obese
adipose tissue with chronic inflammation is involved in a variety of pathologic processes [4]. Among them, adi-
ponectin is downregulated in various metabolic disorders [5] [6], and currently expected to be a promising phar-
macological target for diabetes and metabolic syndrome because of its insulin sensitizing [7], anti-atherogenic
[8], and anti-inflammatory actions [9]. There are three isoforms of adiponectin characterized as low, medium,
and high molecular weight (HMW) adiponectin, and HMW adiponectin has been shown to be the most abundant
and biologically active form of the hormone [10] [11]. Thus, upregulation of the HMW adiponectin levels might
be a key to useful treatment of metabolic syndrome.

Dipeptidyl peptidase (DPP)-4 inhibitors are a recently emerged class of hypoglycemic agents that lower blood
glucose concentrations in patients with type 2 diabetes by increasing active forms of incretin hormones such as
glucagon-like peptide (GLP)-1 followed by amplification of glucose-dependent insulin secretion [12]. In addi-
tion to its insulinotropic action and well-known effect of pancreatic f cell protection, GLP-1 has many biologi-
cal properties including immune regulation, anti-inflammation, and cardiovascular protection [13]. On the other
hand, DPP-4 is a serine protease widely expressed throughout the body and cleaves diverse range of bioactive
proteins besides GLP-1, such as GLP-2, stromal cell-derived factor (SDF)-1, neuropeptide Y, and chemokines.
Therefore, inhibition of its enzymatic actions by DPP-4 inhibitors has potential to exert various pleiotropic ef-
fects [14].

Although a variety of DPP-4 inhibitors with different chemical structures have ever been marketed, there is no
clear evidence for difference in the pleiotropic effects among DPP-4 inhibitors. In the current study, herein, we
prospectively observed patients with type 2 diabetes before and after switching DPP-4 inhibitor from sitagliptin
to alogliptin under treatment with pioglitazone, and examined whether there were differences in various bio-
chemical markers of inflammation, oxidative stress, and atherosclerosis as well as clinical statuses. Moreover,
the correlations between the changes of these parameters and clinical data were analyzed.

2. Methods
2.1. Study Participants

Study subjects consecutively enrolled were outpatients with type 2 diabetes at the National Hospital Organiza-
tion Kagoshima Medical Center in Japan. They had been treated with oral hypoglycemic drugs including both
pioglitazone 15 mg or 30 mg and sitagliptin 50 mg for more than 2 months at baseline. Inclusion criteria were
age > 20 years, and hemoglobin Alc (HbAlc) > 6.0% despite lifestyle modifications and pharmacological in-
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terventions. Exclusion criteria were type 1 diabetes, parallel usage of insulin, and serum creatinine level > 1.3
mg/dl. Also excluded were those with current history of stroke, acute coronary syndrome, and any cardiovascu-
lar diseases requiring new treatment within 6 months or who had any malignancies or chronic inflammatory
diseases.

2.2. Study Design

This study was an open-label, prospective, and non-comparative observational trial. The study protocol is sum-
marized in Figure 1. The subjects were offered and approved a practical medication change from a treatment
with pioglitazone and sitagliptin 50 mg to a combination tablet containing the same dose of pioglitazone and
alogliptin 25 mg for reasons of economy and/or expediency, which is actually equal to switching from sitagliptin
to alogliptin under treatment with pioglitazone. The doses of these two DPP-4 inhibitors are both conventional
ones in Japan. Throughout the 12-month observation period, the patients were instructed to maintain the diet and
exercise therapy. The pre-existing drugs such as hypoglycemic agents, anti-hypertensive drugs, and statins were
unchanged, and none of new medications were added during the study. Clinical assessments and biochemical
measurements were performed in all subjects before and after 3 months of the DPP-4 inhibitor switching. In par-
ticular, body mass index (BMI) and HbAlc were additionally followed at 12 months after switching for the
evaluation of clinical outcomes in the chronic phase.

This observational study was performed between October 2011 and January 2013. The study protocol (Figure
1) was approved by the Institutional Review Board at the National Hospital Organization Kagoshima Medical-
Center and conducted in accordance with the Declaration of Helsinki and its amendments. After full explanation
of this study, all subjects provided written informed consents.

2.3. Outcome Measurements

The clinical data included BMI, systolic and diastolic blood pressures, HbAlc, low density lipoprotein (LDL)
cholesterol, high density lipoprotein (HDL) cholesterol, and triglyceride. In addition, we assessed various bio-
chemical markers; HMW adiponectin, MCP-1, and highly sensitive C-reactive protein (Hs-CRP) as the inflam-
matory markers, total reactive oxygen species (ROS) and oxidized-LDL cholesterol as the oxidative stress markers,
and asymmetric dimethylarginine (ADMA) and E-selectin as the atherosclerotic markers. All of them except for
MCP-1 and E-selectin were measured at an independent central laboratory (SRL Hachioji Laboratory, Tokyo,
Japan). Venous blood samples were taken in the morning after overnight fasting from each patient under sterile
conditions. Serum and plasma samples were obtained by centrifugation and stored at —80°C until analyses. Se-
rum HMW adiponectin level was determined using a chemiluminescent enzyme immunoassay (Fuji Rebio,
Tokyo, Japan). Plasma levels of MCP-1 and E-selectin were determined using each enzyme-linked immunosor-
bent assay (ELISA) (R&D systems, Inc., Minneapolis, USA). Serum Hs-CRP level was measured using the la-
tex agglutination nephelometry method (Siemens Healthcare Diagnostics, Inc., Marburg, Germany). Total ROS
level in serum was measured using N, N-diethylparaphenylendiamine reaction method (SRL Hachioji Labora-
tory, Tokyo, Japan). Serum oxidized -LDL cholesterol level was measured using ELISA (SEKISUI MEDICAL
Co., Tokyo, Japan). Serum ADMA level was determined using high performance liquid chromatography (SRL
Hachioji Laboratory, Tokyo, Japan).
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Figure 1. Study protocol. M, months.
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2.4. Statistical Analysis

Statistical analyses were performed using the StatView program for Macintosh (version 4.5-J; SAS Institute,
Cary, NC). We used the paired #-test or nonparametric Wilcoxon signed-rank test for comparisons between base-
line and 3- or 12-month follow-up data. Correlation analyses were performed using Spearman correlation coef-
ficient. All data are presented as mean =+ standard deviation, and P < 0.05 was considered statistically significant.

3. Results
3.1. Baseline Characteristics of the Study Subjects

A total of 20 subjects were enrolled in the current study, and none of them withdrew over the 12-month observa-
tion period, indicating that there were no adverse events caused by just switching of DPP-4 inhibitor from one to
another. Baseline characteristics of the subjects and their pretreatment of hypoglycemic drugs at entering this
study are shown in Table 1.

3.2. Differences in Clinical Data and Various Markers between Baseline and 3 Months
after Switching from Sitagliptin to Alogliptin

At 3 months after switching, no clinical data including BMI and HbAlc changed from baseline (Table 2).
Among various biochemical markers, significant increase from baseline value was observed only in serum HMW
adiponectin levels (6.9 + 3.6 pg/ml to 8.2 £ 4.0 pg/ml; P = 0.0045) (Figure 2). None of the other biochemical
markers including MCP-1, Hs-CRP, total ROS, oxidized-LDL cholesterol, ADMA, or E-selectin changed
(Table 2). These findings indicate that serum HMW adiponectin levels might increase through the mechanisms
independent of inflammation, oxidative stress, atherosclerotic risks, and clinical statuses of the study subjects.
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Figure 2. Individual changes in HMW adiponectin levels from baseline to 3 months after DPP-4inhibitorswitching.Bars in-
dicate means + standard deviation. Wilcoxon signed-rank test (n = 20). HMW, high molecular weight; M, months.

Table 1. Baseline characteristics of the study subjects (n = 20).

Characteristics Values
Age (years) 61.0 £8.8
Sex (male/female) 17/3
BMI (kg/m?) 26.7+3.0
Diabetes duration (years) 8+5
HbAlc (%) 7.1+£0.6
Anti-hypertensive drugs 16
Statins 11
Pioglitazone (15/30 mg) 16/4
Other hypoglycemic drugs (SU/Met/aGI) 5/10/3

Values are the means + standard deviation or numbers. aGI, alpha glucosidase inhibitor; BMI, body mass index; HbAlc, hemoglobin Alc; Met,

metformin; SU, sulfonylurea.
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Table 2. Clinical data and various biochemical markers at baseline and 3 months after DPP-4 inhibitor switching.

Variables Baseline After 3 M P

Clinical data

BMI (kg/m?) 26.7+3.0 268+2.9 NS

sBP (mmHg) 130+ 14 126 £ 16 NS

dBP (mmHg) 73+8 74+ 10 NS

HbAlc (%) 7.1+£0.6 72+£0.7 NS

LDL cholesterol (mg/dl) 104 £ 20 108 £21 NS

HDL cholesterol (mg/dl) 55+13 58+ 14 NS

Triglyceride (mg/dl) 119+ 39 133 £78 NS
Markers

MCP-1 (pg/mL) 188 £ 111 188 +98 NS

Hs-CRP (ng/mL) 644 + 634 722 + 877 NS

Total ROS (Unit) 188 £ 50 181+30 NS

Oxidized-LDL cholesterol (U/L) 125+ 30 134 +£27 NS

ADMA (nmol/mL) 0.42 +0.05 0.41 £0.06 NS

E-selectin (ng/mL) 50.6 £23.5 51.0+19.8 NS

Values are the means + standard deviation. ADMA, asymmetric dimethylarginine; BMI, body mass index; dBP, diastolic blood pressure; HbAlc,
hemoglobin Alc; HDL, high density lipoprotein; Hs-CRP, highly sensitive C-reactive protein; LDL, low density lipoprotein; M, months;
MCP-1, monocyte chemoattractant protein-1; NS, not significant; ROS, reactive oxygen species; sBP, systolic blood pressure.

3.3. Differences in HbA1c and BMI between Baseline and 12 Months after Switching
from Sitagliptin to Alogliptin

To assess the chronic effects of switching from sitagliptin to alogliptin under treatment with pioglitazone, we
evaluated the changes of HbAlc and BMI from baseline to 12 months after switching. Of note, both HbAlc and
BMI after 12 months slightly but significantly improved (7.1% + 0.6% to 6.8% + 0.6%, P = 0.013, and 26.7 +
3.0 kg/m? to 26.2 + 3.3 kg/m?, P = 0.047; respectively) (Figure 3(a) and Figure 3(b)). Therefore, we further
examined correlations between the increased percentages of plasma HMW adiponectin levels during initial 3
months (AHMW adiponectin) and changes in HbAlc (AHbAlc) or BMI (ABMI) from baseline during 12
months after switching from sitagliptin to alogliptin (n = 15). As shown in Figure 3(c) and Figure 3(d), there
tended to be modest inverse correlations both between AHMW adiponectin and AHbA1c and between AHMW
adiponectin and ABMI (» = —0.339 and —0.320, respectively), but neither of them reached statistical signific-
ance.

4. Discussion

In the current prospective study, the switching of DPP-4 inhibitor from sitagliptin to alogliptin under treatment
with pioglitazone had a beneficial effect on adipocytes, in particular increasing the serum levels of HMW adi-
ponectin in patients with type 2 diabetes. This pleiotropic effect was seen after 3 months of the drug switching
without alterations in other biochemical markers of inflammation, oxidative stress, and atherosclerosis as well as
body weight and blood glucose controls. At the later 12-month follow-up point, both HbAlc and BMI signifi-
cantly decreased from baseline, and their rates of changes tended to inversely correlate with the increased per-
centages of serum HMW adiponectin levels during initial 3 months of this study. Until now, there are just a few
clinical studies addressing the difference in pleiotropic effects among DPP-4 inhibitors [15]-[17]. Notably, a
most recent study strongly supports our observation that switching from sitagliptin to vildagliptin, another
DPP-4 inhibitor, significantly increased serum adiponectin levels after 3 months [17].

Pioglitazone, a thiazolidinedione class of hypoglycemic drugs, has been reported to increase serum levels of
both total and HMW adiponectin by approximately 3-fold in patients with type 2 diabetes [18]-[20]. As expected,
at baseline in the present study when the subjects had already received pioglitazone-based medications at least
for 2 months, serum HMW adiponectin levels were comparably increased [20]. It is worthy of note that just
switching of DPP-4 inhibitor from sitagliptin to alogliptin for 3 months led to further elevation of serum levels
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Figure 3. Individual changes of (a) HbAlc and (b) BMI from baseline to 12 months after switching from sitagliptin to alog-
liptin. Bars indicate means + standard deviation. Paired #-test (n = 20). Correlations of the change rates of (c) HbAlc
(AHbAIlc) and (d) BMI (ABMI) during 12 months with the increased percentages of HMW adiponectin during initial 3
months (AHMW adiponectin) after switching from sitagliptin to alogliptin. Spearman correlation coefficient (n = 15). BMI,
body mass index; HbAlc, hemoglobin Alc; HMW, high molecular weight; M, months.

of HMW adiponectin beyond baseline. To our knowledge, no previous report has demonstrated such an addi-
tional increase in serum levels of HMW adiponectin in patients already taking pioglitazone by using other hy-
poglycemic agents. As a large body of evidence indicates that adiponectin has systemic pleiotropic effects that
are beneficial for insulin sensitivity and inflammation [7] [9], the present study suggests that the combination
therapy with pioglitazone and alogliptin might be more protective against organ disorders including atheroscle-
rosis than the monotherapy with pioglitazone.

The mechanism responsible for the additional increase in the serum HMW adiponectin levels by switching
from sitagliptin to alogliptin remains unclear. After 3 months of the dug switching, no significant differences in
clinical data or various biochemical markers except for the serum HMW adiponectin levels were observed
(Table 2), indicating that the serum HMW adiponectin levels increased through mechanisms independent of in-
flammation, oxidative stress, and metabolic statuses. One possibility is that differences in selectivity and inhibi-
tory activity for DPP-4 between alogliptin and sitagliptin might contribute to the additional increase in serum
HMW adiponectin concentrations. Actually, alogliptin has been reported to have higher selectivity and stronger
inhibitory activity for DPP-4 as compared with sitagliptin [21]. The powerful DPP-4 inhibition by alogliptin is
expected to provide greater elevations of substrates for DPP-4 such as GLP-1 and SDF-1, some of which re-
portedly have various effects beyond glycemic control [13] [15]. Notably, a GLP-1 receptor agonist, exendin-4,
has shown to directly induce the adiponectin expression in 3T3-L1 adipocyte through protein kinase A pathway
[22].
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In addition, benefit from the combination with pioglitazone and alogliptin should be considered as a potential
contributor to the upregulation of HMW adiponectin. Of interest, a recent study showed a synergistic effect of
co-treatment with pioglitazone and alogliptin on thermogenesis in beige/brown fat cells resulting in significant
reduction of fat mass in mice, whereas each drug alone was ineffective [23]. As there is an inverse correlation
between fat mass and HMW adiponectin [24], such synergistic effect of the combination therapy with pioglita-
zone and alogliptin might be a reason for the increased levels of HMW adiponectin observed here. To clarify
whether pioglitazone synergistically contributed to additional increase of HMW adiponectin levels after switch-
ing, further full study comparing the effect of each DPP-4 inhibitor with and without pioglitazone is necessary.

Unfortunately, in the present study, we could not statistically certify clinical implications of the increase in
serum HMW adiponectin level by switching from sitagliptin to alogliptin. However, given the modest trends of
inverse relationships between AHMW adiponectin and AHbA 1¢ and between AHMW adiponectin and ABMI, it
is an attractive speculation that the improvements in HbAlc and BMI at the end of this study might be derived
from the prior upregulation of serum HMW adiponectin levels. In many previous reports, administration of re-
combinant adiponectin has shown beneficial effects on body weight and hyperglycemia [25]. Yamamoto et al.
reported a longitudinal study showing that if baseline adiponectin level is high, insulin sensitivity improves in
subsequent 2 years [26]. If plasma insulin levels decrease as a result of the improvement of systemic insulin
sensitivity by the upregulation of HMW adiponectin, BMI might subsequently decrease. Further examination by
a longer-term study including evaluation of the insulin sensitivity such as the homeostasis model assessment of
insulin resistance is required to clarify this attractive speculation.

There are several limitations in this study. First, the current study was a non-comparative observational trial.
Comparison with placebo-control group or cross-over design is needed in the future investigation to confirm our
results. Second, we did not consider drug adherence and life style of the study subjects during the observation.
Changes in these factors can affect body weight or blood glucose level. But in the current study, upregulation of
HMW adiponectin levels was not along with the improvements in BMI and HbAlc at 3 months after the drug
switching, indicating that the HMW adiponectin upregulation may have less to do with these potential con-
founding factors. Finally, as mentioned above, we could not statistically certify the clinical implications of the
increase in serum HMW adiponectin level by switching from sitagliptin to alogliptin.

5. Conclusion

In summary, in spite of pretreatment with pioglitazone, additional increase in serum levels of HMW adiponectin
was demonstrated a few months after switching from sitagliptin to alogliptin. Although the large-scale, long-
term, and placebo-controlled study must be conducted to identify the underlying mechanisms and the clinical
implications of our results, we speculated that this study might provide a new insight into the difference in plei-
otropic effects among DPP-4 inhibitors, and that alogliptin, at least when combined with pioglitazone, would be
beneficial in the treatment of type 2 diabetes.
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