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Abstract

Aims To compare and evaluate effects of two DPP-4
inhibitors with different excretion routes on systemic and
renal hemodynamics in Japanese patients with type 2 dia-
betes mellitus.

Methods Seventy-three outpatients with type 2 diabetes
who had been treated by 50 mg/day of sitagliptin (S) for at
least 1 year were enrolled and prescribed 5 mg/day of
linagliptin (L) instead of S for the next 1 year.

Results After the initiation of S, the systolic and diastolic
blood pressure decreased significantly. However, after
switching to L for 1 year they increased significantly and
returned to a comparable level as those before S treatment.
The increase in serum creatinine or uric acid levels and the
decrease in eGFR after S initiation were completely stop-
ped or reversed after switching to L. The change in eGFR
after the initiation of S was negatively correlated with the
eGFR value at 1 year before switching.

Conclusions The administration of S had an obvious effect
on the systemic or renal hemodynamics in contrast to the
fact that the administration of L had no effect on these
parameters. It is thus important to use these agents with
different excretion routes, properly taking the patients’
renal function into account.
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Introduction

A dipeptidyl peptidase-4 (DPP-4) inhibitor is an oral
hypoglycemic agent (OHA) and was originally released in
December 2009. Because in itself it is not expected to
cause hypoglycemia through its glucose-dependent nature,
especially in elderly patients, the percentage of prescription
has been increasing since its approval and reached 70%
among OHAs for the treatment of type 2 diabetes mellitus
in Japan. Sitagliptin (S), the first approved DPP-4 inhibitor,
is most frequently prescribed among this class of agents in
Japan. DPP-4 itself is most abundantly expressed in the
kidney [1], and it has been reported that DPP-4 inhibition
possibly caused elevation of serum creatinine or uric acid
in patients with type 2 diabetes [2—4]. Recent studies
revealed that DPP-4 located in the renal proximal tubule
modulates Na—H exchanger 3 (NHE3) and facilitates
reabsorption of sodium [5, 6], and it is thus plausible that
the DPP-4 inhibitor of renal excretion types such as S may
increase natriuresis by an inactivation of NHE3 and pos-
sibly cause an elevation of the serum creatinine level. On
the other hand, linagliptin (L) has a unique profile with a
primarily non-renal but hepatobiliary route of elimination,
requiring no dose adjustment in patients with chronic
kidney disease [7]. Accordingly, the chance of L reaching
the proximal tubules is quite low, and there might be a rare
situation in which L modulates natriuresis through NHE3.
The aim of the present study is to compare these two DPP-
4 inhibitors with different excretion routes focusing on
their effects on renal and systemic hemodynamics.
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Table 1 Characteristics of diabetic patients

Number of patients 73

Gender (male/female) 41/32

Age (years old) 66 £ 13
Duration of diabetes (years) 153 £ 7.8
BMI 24.6 + 4.1
HbAlc (%) 73+ 1.1
Use of ACEI or ARB 28 (38)

Use of CCB 23 (32)
Systolic blood pressure (mmHg) 128 £ 17
Diastolic blood pressure (mmHg) 68 £ 12
Serum creatinine concentration (mg/dl) 0.83 £ 0.32
eGFR (ml/min/1.73 m?) 71.8 £ 233
Serum uric acid concentration (mg/dl) 53+ 124
Serum Na concentration (mEq/1) 1392 +£ 24
Serum K concentration (mEq/1) 45+ 0.6

Abbreviations are shown in the text. Data are expressed as
mean £ SD or numbers of patients (percentage)

Patients and methods

Type 2 diabetic outpatients who had been treated by
50 mg/day of S for at least 1 year (duration of S treatment
was 19.2 + 4.8 months) in Shin Koga Hospital, Kurume
University Hospital and other satellite hospitals or clinics
were recruited between October 2011 and March 2012.
This study was conducted according to the principles
expressed in the Declaration of Helsinki. The protocol was
approved by the ethical review committee at Kurume
University School of Medicine (approved on 23 September

2011, approval number: 10305), and informed consent was
obtained from each patients. This is an open-labeled
observational study performed as a pilot study. In the
results, 73 type 2 diabetic outpatients without severe renal
dysfunction were enrolled and completed the study proto-
col. In addition to S, biganide (n = 55), sulfonylurea
(n = 46), o-glucosidase inhibitor (n = 21), glinide
(n = 7), thiazolidinedione (n = 5) and insulin (n = 22)
were used for the management of blood glucose. As an
anti-hypertension drug, an angiotensin converting enzyme
inhibitor (ACEI) or angiotensin receptor blocker (ARB)
was used in 28 patients (38%), and a calcium channel
blocker (CCB) was used in 23 patients (32%) (Table 1).

Patients were prescribed 5 mg/day of L instead of S for
the next year. Each measurement was performed at a
switch to L and every 3 months after a switch up to 1 year
in a prospective manner. Data when S was started and at
1 year, 9, 6 and 3 months before switching were retrieved
from the medical records, retrospectively. Changes in
parameters for 1 year before switching from S to L are
expressed as Avalue 1 = (a value at switching) — (a value
at 1 year before switching). Changes in parameters from
the initiation of S to switching to L are expressed as Avalue
1 ext. = (a value at switching) — (a value at the initiation
of S). Changes in parameters for 1 year after switching
from S to L are Avalue 2 = (a value at 1 year after
switching) — (a value at switching).

All tests were performed using JMP Pro version 12
(SAS Institute Inc., USA). Data are presented as the
mean £ SD. Changes in parameters were analyzed by
repeated measures ANOVA with Bonferroni correction.

Table 2 Changes in parameters before and after switching from sitagliptin to linagliptin

At the initiation of

At 1 year before

At swiching At 6 months after At 1 year after

sitagliptin switching switching switching

BMI 246 +£ 5.0 24.6 + 52 24.6 + 4.1 23.8 + 5.7 24.6 + 4.1

HbAlc (%) 8.19 £ 1.07 7.39 4+ 1.04" 7324+ 1.05" 744 + 125 7.46 4+ 1.027F

Systolic blood pressure 132+ 14 129 + 17* 128 + 17* 134 4 15%#* 134 4 15%%*
(mmHg)

Diastolic blood pressure 72 £ 12 69 + 12* 68 + 121 73 £ 10%** 71 £ 12%
(mmHg)

Serum creatinine 0.75 + 0.25 0.79 £+ 0.27# 0.83 + 0.3277  0.82 £ 0.32 0.84 + 0.37
concentration (mg/dl)

eGFR (mi/min/1.73 m?) 78.0 + 24.4 742 + 24.2* 71.8 2337 728 £23.9 723 4+ 25.6

Serum uric acid concentration  5.10 & 1.13 5.34 + 1.14* 5.63 + 1.24%7 517 £ 1.04%%= 5.24 £ 1.10%%*
(mg/dl)

Serum Na concentration 1393 + 24 139.8 + 2.5 1392 + 24 1403 + 2.6 140.1 + 2.8
(mEqg/1)

Serum K concentration 4.52 £+ 0.35 447 £ 041 4.48 £ 0.56 4.54 £ 04 4.46 £ 04
(mEq/1)

Abbreviations are shown in the text. Repeated measures ANOVA with post hoc Bonferroni test. Data are expressed as mean = SD
# P < 0.05, ** P < 0.01, *** P < 0.001 versus the value at switching from sitagliptin to linagliptin. * P < 0.05, T P < 0.01, " P < 0.001 versus

the value at the initiation of sitagliptin
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Relationships between AeGFR1, AeGFRI1 ext. or AeGFR2
as an outcome variable and other parameters as predictive
variables were analyzed by Pearson’s correlation coeffi-
cient and by multiple regression analysis. P values less
than 0.05 were considered statistically significant.

«Fig. 1 Changes in blood pressure, eGFR and serum uric acid

concentration before and after switching from sitagliptin to
linagliptin. Abbreviations are shown in the text. Data are expressed
as mean £ SD. Repeated measures ANOVA with post hoc Bonfer-
roni test was used for statistical analysis. *P < 0.05, **P < 0.01,
##%kP < (0.001 versus the value at switching from sitagliptin to
linagliptin. *P < 0.05, TP < 0.01, TTP < 0.001 versus the value at the
initiation of sitagliptin

Results

HbA Ic significantly decreased after S initiation and did not
change after switching to L. Systolic and diastolic blood
pressure significantly decreased after the initiation of S,
and after switching to L they significantly increased to a
comparable level as that at the initiation of S. After the
initiation of S, a significant increase in serum creatinine
and decrease in eGFR were observed up to the switching.
Although the decline of eGFR at this period (AeGFR1 ext.)
in ACEI or ARB users was not significantly higher than
that in non-users (—8.17 £ 1.32 and —3.07 4+ 10.49 ml/
min/1.73 m?/year, respectively, P = 0.111), a significant
decline in eGFR still remained in non-users
(75.4 £ 222 — 72.3 £ 23.0 ml/min/1.73 m?, P < 0.05,
n = 45). The use of CCB did not affect the change in
eGFR (data not shown). However, these changes in serum
creatinine and eGFR completely ceased after switching to
L. The increment of uric acid after S initiation completely
reversed to the initial level after switching to L. BMI and
serum electrolyte concentrations did not change signifi-
cantly during the treatment term of either S or L (Table 2;
Fig. 1).

The change in eGFR for 1 year before switching from S
to L (AeGFR1) was negatively correlated with the value of
eGFR at 1 year before switching and Aserum uric acid 1
(Table 3). In multiple regression analysis of AeGFR1 as an
outcome variable, those two variables were again selected
as significant predictive variables (standardized Ps were
—0.363 and —0.279, P < 0.01 and 0.05, respectively). The
change in eGFR from the initiation of S to the switching to
L (AeGFRI ext.) showed a stronger correlation with the
value of eGFR at the initiation of S (r = —0.351,
P <0.01) and Aserum uric acid 1 ext. (r = —0.508,
P < 0.0001) (Fig. 2) and was again supported by multi-
variate analysis (standardized Bs were —0.311 and —0.468,
P < 0.01 and 0.0001, respectively). Fifty-four patients who
had been completely followed for 2 years under S treat-
ment were selected and stratified into three groups
according to their eGFR levels at the initiation of S. A
significant decline in eGFR for 2 years was only observed
in patients whose initial eGFR had been over 90 ml/min/
1.73 m? (106.6 £ 12.6 — 94.1 £ 19.7, P < 0.05, n = 13)
with no significant changes in the remaining two groups
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Table 3 Relationship between AeGFR1 and each variable

Predictive variable r value P value
Age (years old) 0.161 NS
BMI 0.07 NS
HbAlc (%) 0.026 NS
Systolic blood pressure (mmHg) —0.201 NS
Diastolic blood pressure (mmHg) —0.140 NS
ASystolic blood pressure 1 (mmHg) 0.061 NS
ADiastolic blood pressure 1 (mmHg) —0.074 NS
eGFR (ml/min/1.73 m?) —0.346 <0.01
Serum creatinine concentration (mg/dl) 0.139 NS
Serum uric acid concentration (mg/dl) 0.154 NS
ASerum uric acid concentration 1 (mg/dl) —0.307 <0.05
Serum Na concentration (mEq/1) 0.145 NS
Serum K concentration (mEq/1) —0.158 NS
ASerum Na concentration 1 (mEq/l) —0.046 NS
ASerum K concentration 1 (mEq/1) —0.079 NS

Abbreviations are shown in the text. Pearson’s correlation coefficient. Each value is that at 1 year before switching. Avalue 1 = (a value at

switching) — (a value at 1 year before switching)
NS Not significant

Fig. 2 Correlations of the a
change in eGFR (AeGFR ext.)
with eGFR at the initiation of S
(A) and with the change in
serum uric acid concentration
(Aserum uric acid 1 ext. B).
Pearson’s correlation coefficient
was used for statistical analysis

AeGFR1 ext. (mL /min/1.73m?)

20 40 60 80
eGFR at the initiation of sitagliptin (mL /min/1.73m?)

(eGFR 60-90; 74.7 & 8.6 — 71.3 £ 9.6, n = 31, eGFR
30-60; 535+ 6.2 — 537+ 11.6, n=10). After
switching from S to L, AeGFR2 was not correlated with
any variable at all (data not shown).

Discussion

Here we demonstrated a quite different effect of two types
of DPP-4 inhibitors with different excretion routes on
systemic and renal hemodynamics. The decrease in eGFR
during S treatment is in line with its diuretic effect based
on the increase in both serum creatinine and uric acid
levels with a concomitant decrease in systolic and diastolic
blood pressure. Some previous reports demonstrated simi-
lar results regarding renal functions and blood pressure

@ Springer
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[2, 3]. It is plausible that the decrease in eGFR caused by S
administration may be attributable to a tubule-glomerular
feedback mechanism leading to a renal afferent arteriole
constriction and a drop in GFR [8]. In this study, a decrease
in eGFR was mainly observed in patients with higher
eGFR levels, suggesting an amelioration of glomerular
hyperfiltration [9].

Conversely, the decrease in eGFR caused by S was
related to the increase in uric acid, suggesting a hypov-
olemic state through its diuretic nature. Up to September
2007, the FDA’s Adverse Event Reporting System
revealed 96 renal injury events (3.2%) caused by this drug
[10]. In Japan, the S package insert was revised in
September 2010 including the possibility of acute renal
failure as a severe adverse effect. It is notable that the
correlation between the decline of eGFR and the increase
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in uric acid was stronger from the initiation of S to the
switching to L than that for the restricted term of 1 year
before the switching, suggesting a possibility that longer
exposure to S might produce the worse renal outcomes.
Although the mechanism of renal damage by S is largely
unknown, caution must be exercised in case of the use of S
for patients with pre-existing renal insufficiency.

In contrast, the preservation of eGFR during L treatment
reflects its outstanding safety regarding renal function, as
previously reported, with no change in eGFR up to
52 weeks requiring no dose adjustment in patients with
chronic kidney disease [7]. These renal safety results
deserve recognition, taking the annual decline in eGFR in
type 2 diabetic patients into account [11]. The efficacy and
safety of L have been confirmed in patients older than
70 years in whom a risk of renal insufficiency is much
higher than in younger patients [12]. The complete
restorations of the serum uric acid level and blood pressure
by switching from S to L are in line with its non-renal
excretion nature without any effect on renal hemodynam-
ics. There might be a possibility that DPP-4 and the related
NHE3 activity in renal tubules are not affected by L,
leading to an abolishment of facilitated natriuresis by S
beforehand.

The limitations of this study are as follows. Results
obtained from a limited number of participants in limited
institutions and from only Japanese patients are not gen-
erally applied to other ethnicities. Because our study is not
a head-to-head comparison or placebo-controlled study,
and data during S were retrieved retrospectively, there
might be some room left for including potential bias in this
study design. The strength of this study is its crossover
design, which possibly makes comparisons within the same
individuals much easier with lower cost, although no ran-
domization of the turn of either S or L as the first treatment
alternative is a weak point of this study.

In conclusion, we first demonstrated quite different
effects of two DPP-4 inhibitors with different excretion
routes on systemic and renal hemodynamics for a long
period of administration. It is important to use these two
agents properly, taking the renal function of patients into
account.
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