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Sitagliptin improves albuminuria in patients
with type 2 diabetes mellitus
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Introduction: The aim of the present study was to determine the effect of sitagliptin
on microalbuminuria in patients with type 2 diabetes mellitus.

Materials and Methods: A total of 85 patients with type 2 diabetes mellitus (age
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>20 years, <80 years, hemoglobin Alc [HbATc] <84%) were randomized to patients tak-
ing sitagliptin 50 mg or other oral glucose-lowering agents. The following parameters
were evaluated at 0, 3 and 6 months after the treatment: bodyweight, blood pressure,
HbATc, fasting plasma glucose, fasting plasma insulin, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, triglycerides, estimated glomerular filtration rate and
urinary albumin excretion. The primary outcome was changes in urinary albumin excretion

Results: Significant and comparable falls in HbA1c and fasting plasma glucose were

doi: 10.1111/jdi.12142

found in both groups. However, sitagliptin significantly reduced urinary albumin excretion

within 6 months, especially in patients with high urinary albumin at baseline. A total of 27
patients with normoalbuminuria showed a reduction in urinary albumin excretion, sug-
gesting that sitagliptin prevents the development of albuminuria. A total of 15 patients
with albuminuria showed a reduction in urinary albumin excretion, suggesting the benefi-
cial effect of sitagliptin in the early stage of diabetic nephropathy. There was a significant
correlation between improvement of proteinuria and that of diastolic blood pressure.
Conclusions: The results suggested that sitagliptin improved albuminuria, in addition
to improving glucose. The mechanism of the reduction of albuminuria by sitagliptin could
be a direct effect, as well as an increase in active glucagon-like peptide-1, independently
affecting blood pressure, bodyweight and glucose metabolism. This trial was registered
with the University Hospital Medical Information Network (UMIN no. #000010871).

INTRODUCTION

The number of new cases of type 2 diabetes mellitus is increas-
ing throughout the world. Death as a result of ischemic heart
disease and the number of new cases of myocardial infarction
are approximately two- to sixfold greater, and the risk of stroke
is approximately two- to threefold greater in patients with
type 2 diabetes mellitus than the normal population' . Chronic
kidney disease is also common in patients with type 2 diabetes
mellitus*. In addition, chronic kidney disease contributes to the
development of cardiovascular diseases, and thus it increases
the risk of death and cardiovascular events’.
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Sitagliptin, a dipeptidyl peptidase-4 (DPP-4) inhibitor, is a
newly developed glucose-lowering agent currently available in
Japan for the treatment of type 2 diabetes mellitus®. DPP-4
inhibitors slow the degradation and inactivation of the incretins,
glucagon-like peptide 1 (GLP-1) and glucose-dependent insuli-
notropic polypeptide (GIP)”. The main target of action of GLP-1
is the islet, where the hormone stimulates insulin secretion,
promotes B-cell proliferation and inhibits glucagon secretion®.
However, GLP-1 receptors are also expressed outside the islets,
suggesting that GLP-1 also plays other roles in other organs.
The GLP-1 receptor is also expressed in the proximal tubules
and glomerulus of the kidney, and intravenous infusion of
GLP-1 produces natriuretic and diuretic responses™’. Its effi-
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cacy for the management of diabetic kidney is known in animal
models' '3, but remains unproven in humans.

Sitagliptin slows the degradation and inactivation of GLP-1,
and could therefore be beneficial in diabetic nephropathy. In
the present prospective clinical study, we determined the effi-
cacy of sitagliptin on urinary albumin excretion in patients with
type 2 diabetes mellitus.

MATERIALS AND METHODS
Patients
The study participants were patients aged <80 years with type 2
diabetes mellitus whose hemoglobin Alc (HbAlc) was lower
than 8.4% (according to the National Glycohemoglobin Stan-
dardization Program [NGSP]) despite pioglitazone (15-30 mg/
day) and/or sulfonylurea treatment for at least 6 months before
the start of the present study at the University of Occupational
and Environmental Health Hospital or its affiliated hospitals.
Patients with a history of ketoacidosis, patients with type 1
diabetes, patients with nephropathy (serum creatinine: males
>1.5 mg/dL; females >1.3 mg/dL), patients treated with insulin,
women who were possibly pregnant, patients with urinary tract
infection and patients treated with NSAIDs were excluded from
the study. All patients volunteered and signed an informed
consent based on the Helsinki Declaration revised in 2000. The
present study was approved by the ethics review committee of
the University of Occupational and Environmental Health. This
trial was registered in the University Hospital Medical Informa-
tion Network (UMIN no. #000010871).

Study Protocol

The present study was an open-labeled, prospective, random-
ized study. The study participants were divided into two
groups: the control group (n = 44), who were treated with
other oral glucose agents, such as metoformin, glinide or o-glu-
cosidase inhibitor; and the sitagliptin group (n = 41), who were
treated with 50 mg sitagliptin once daily.

Patients of both groups were assessed for the following
parameters before the start of the study, and at 3 and
6 months. No changes were made to the type and dose of glu-
cose-lowering drugs, angiotensin converting enzyme inhibitors
or angiotensin receptor blockers during the study period, to
avoid possible influences on blood pressure, lipid or glucose
metabolism. These drugs had been prescribed for at least
6 months before the study.

The primary outcome of the study was changes in urinary
albumin excretion at 6 months after the start of the study. The
secondary outcome of the study was changes in estimated glo-
merular filtration rate (eGFR) at 6 months after the start of the
study.

Measurements of Biochemical Variables

Venous blood samples and urinary samples were taken in the
morning after an overnight fast. We evaluated at baseline, and
after 3 and 6 months of treatment the following parameters:
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bodyweight, blood pressure, HbAlc, fasting plasma glucose
(FPG), fasting plasma insulin (FPI), serum low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triglycerides (TG), eGFR and wurinary albumin
excretion.

Fasting blood glucose was measured by the hexokinase ultravi-
olet method. HbAlc was measured in the laboratories of each
study area, and the results of these measurements were collected.
The value of HbAlc (%) was estimated as a NGSP equivalent
value (%) derived from the Japan Diabetes Society (JDS) value,
and calculated by the formula HbAlc (%) = HbAlc (JDS)
(%) + 0.4%'". The homeostasis model assessment of insulin
resistance (HOMA-IR) was calculated as follows: FPG (mg/
dL) x FPI (WU/mL) / 405. The homeostatic model assessment
of B-cell function (HOMA-) was calculated as follows: FPI (uU/
mL) x 360 / (FPG [mg/dL]-63). LDL-C and HDL-C concen-
trations were measured by standard enzymatic methods with the
use of a kit from Kyowa Medex (Tokyo, Japan). TG was mea-
sured by standard enzymatic method (Sekisui Medical Co.,
Tokyo, Japan) with a fully automated analyzer (JCA-BM6050;
JEOL, Tokyo, Japan). The eGFR was calculated as 194 x serum
creatinine " ** in males, and as 194 x serum creati-
nine % x 0.739 in females. Urine albumin con-
centrations were measured by immunonephelometry
(Communication for Health SRL, Tokyo, Japan).

Statistical Analysis

Data are expressed as mean * standard deviation. Between-
group comparisons were tested by unpaired Mann—Whitney
U-test or y’-test. Baseline and post-treatment values within
each group were compared by Wilcoxon signed rank test or
Friedman test. Factors that influence the percentage change of
urine albumin were analyzed using Spearman’s rank correlation
for variables. Multivariate stepwise regression analysis was car-
ried out using percentage change in urine albumin as the
dependent variable and several parameters found to be signifi-
cantly related to percentage change of urinary albumin on uni-
variate analysis. P-values less than 0.05 were considered to
reflect significant difference. All analyses were carried out using
the PASW statistics analysis software IBM SPSS v19.0 (SPSS
Inc, Chicago, IL, USA).

RESULTS
Patient Demographics
A total of 85 patients were enrolled in the present study, of
whom 80 (94%, 44 men and 36 women) with a mean age of
64.2 years at the start of the study were successfully followed
over 6 months of treatment with sitagliptin or other oral glu-
cose-lowering agents. The mean body mass index (BMI) was
250 + 3.9 kg/m®, mean HbAlc was 7.0 + 0.6% and mean
duration of diabetes was 9.4 * 6.7 years among these 80
patients at study commencement.

Consent was obtained from 85 patients, and 41 and 44
patients were assigned to the sitagliptin and other oral glucose-
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lowering agents, respectively. Because three and two patients
were excluded from analysis due to dropout, only data of 38
and 42 patients of the sitagliptin and other oral glucose-lower-
ing agents group are presented, respectively.

Table 1 shows the baseline characteristics of the two groups
of patients. There were no significant differences between the
two groups with regard to age, male-to-female ratio, duration
of diabetes, BMI, other parameters of glucose metabolism, lipid
profile, eGFR and urinary albumin excretion levels. At baseline,
systolic blood pressure (SBP) was higher in the sitagliptin group
than in the other oral glucose-lowering agents group; however,
diastolic blood pressure (DBP) was not significantly different.

Bodyweight and Blood Pressure

Bodyweight, SBP and DBP were not significantly different at
6 months in both groups. There were no significant differences
between the two groups with regard to the percent change in

Table 1 | Baseline characteristics

Sitagliptine Other glucose- P-value
lowering agents

Males/females 26/16 18/20 0.140
Age (years) 639+ 127 645+ 110 0954
Duration of DM (years) 100 £ 67 88 £ 65 0405
Bodyweight (kg) 680 £ 132 635 £ 134 0053
Body mass index (kg/m?) 252 + 42 253+ 4.1 0981
SBP (mmHg) 1266+ 119 1203 + 88 0024
DBP (mmHg) 722 90 687 £ 76 0.098
HbA1c (%) 70+ 07 69 + 07 0688
FPG (mg/dL) 1381+ 214 1315 £ 260 0.103
FPI (ng/mL) 58t 36 69 £ 57 0.769
HOMA-IR 20+ 14 24+ 23 0696
HOMA-B (%) 293 £ 194 370 £ 265 0.236
LDL-C (mg/dL) 1098 £ 294 103.7 £ 258 0.226
HDL-C (mg/dL) 682 + 162 628 £ 152 0.188
TG (mg/dL) 989 £ 417 112.1 £ 669 0.596
eGFR (mL/min/1.73 mz) 77.1 £ 189 755 + 281 0.399
Serum creatinine (mg/dL) 08+ 02 08+ 02 0172
Urine albumin (mg/gCre) 614 £ 1543 614 £ 1543 0.762
Log (urine albumin) 13107 12106 0.762
ACE-inhibitors or ARBs 18 (429) 14 (36.8) 0375
Statins 20 (47.6) 21 (55.3) 0323
Diabetes therapy

Pioglitazone (mg/day) 246+ 73 233+76 0414

Sulfonylurea 16 (38.1) 15 (395) 0.541

Data are mean % standard deviation, or n (%). Differences between
groups were tested by Mann-Whitney U-test; categorical values were
tested by y’test. ACE, angiotensin converting enzyme; ARB, angioten-
sin-receptor blockers; DBP, diastolic blood pressure; eGFR, estimated
glomerular filtration rate; FPG, fasting plasma glucose; FPI, fasting
plasma insulin; HbATc, hemoglobin Alc; HOMA-B, homeostasis model
assessment B cell function; HOMA-IR, homeostasis assessment model of
insulin resistance; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; SBP, systolic blood pressure; TG,
triglyceride.
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SBP (—1.2 £ 8.3% vs —1.5 * 8.3% at 3 months, —2.3 = 11.2%
vs —1.0 £ 9.5% at 6 months), and DBP (-24 + 12.6% vs
05+ 11.3% at 3 months, —1.3 + 124% vs 1.1 £ 13.5% at
6 months). Furthermore, there were no significant differences
between the two groups in the percentage changes of these
parameters from baseline (Table 2).

Glucose Metabolism

The other oral glucose-lowering agents group showed no change
in FPI, HOMA-IR and HOMA-B but a significant decrease in
HbAlc (from 6.9 + 0.7% at baseline to 6.6 = 0.7% at 6 months)
and FPG (from 131.5 + 26.0 mg/dL to 122.9 + 23.8 mg/dL). In
contrast, the sitagliptin group showed no changes in FPI and
HOMA-IR, but significant decreases in HbAlc (from 7.0 = 0.7%
to 64%07%) and FPG (from 138.1 * 214 mg/dL to
1244 £+ 17.6 mg/dL), and significant increases in HOMA-f3
(from 29.3 + 19.4% to 36.1 + 24.9%). There were significant dif-
ferences between the two groups in the percentage changes in
HOMA-B from baseline, but no significant differences between
the two groups in the percentage changes in HbAlc and FPG
from baseline (Table 2).

Lipid Metabolism

The other oral glucose-lowering agents group showed no
change in LDL-C, HDL-C and TG. In contrast, the sitagliptin
group showed no changes in HDL-C, but significant falls in
LDL-C (from 109.8 £ 29.4 mg/dL to 102.6 + 30.2 mg/dL) and
TG (from 989 + 41.7 mg/dL to 84.4 * 34.8 mg/dL). There
were no significant differences between the two groups in the
percentage changes in lipid parameters (Table 2).

Renal Function Markers

Another finding was the decrease in eGFR from 75.5 + 28.1 to
70.8 + 21.3 mL/min/1.73 m” in the other oral glucose-lowering
agents group (P =0.017) and from 77.1 £ 189 mL/min/
1.73 m® to 73.7 + 16.0 mL/min/1.73 m” in the sitagliptin group
(P = 0.006), and there were no significant differences between
the two groups (Table 2).

Urinary albumin excretion was the primary end-point in the
present study. Log urinary albumin excretion only showed a
significant decrease in the sitagliptin group (P < 0.0001), but
not in the oral glucose-lowering agents group (Figure la). Log
urinary albumin excretion diminished at 3 months (from
13+£07 to 11%£06) and at 6 months (to 1.0 £ 0.6).
There were significant differences between the two groups
in the percentage change in log urinary albumin excretion
(222 £ 24.8% vs —5.2 £ 185.3% at 3 months, —23.3 + 37.3%
vs 0.8 = 192.0% at 6 months; P < 0.0001; Figure 1b).

We also divided the sitagliptin group into two subgroups
according to the baseline urinary albumin excretion level,
using a cut-off level of 30.0 mg/gCre. A reduction in log uri-
nary albumin excretion was observed at 3 months (from
2.0+ 04 to 1.7 £ 0.5) and at 6 months (to 1.5+ 0.7) in the
>30 mg/gCre group (P =0.001), and, at 3 months (from
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Table 2 | Effects of treatment on bodyweight, blood pressure, glucose metabolism and lipid metabolism, and renal function

Sitagliptin Other glucose-lowering agents

Baseline 6 months % Change Baseline 6 months % Change
Bodyweight (kg) 680 = 132 687+ 136 10 £ 32 635+ 134 625+ 131 -13+60
SBP (mmHg) 1266 £ 119 1234 £ 166 231112 1203 £ 88 1185+ 83 -10 £ 95
DBP (mmHg) 722 £ 90 70.7 £ 9.1 -13+ 124 687+ 76 689 + 80 1.1+ 135
HbATc (%) 70 £ 07 64+ 0.7* /4162 69+ 07 66 £ 0.7% 45+ 97
FPG (mg/dL) 1381 £ 214 1244 + 176* —92 + 107 1315 £ 260 1229 + 23.8* =55+ 141
FPI (WU/ml) 58+ 36 59+ 4.1 97 + 542 69+ 57 59+ 41 —-04 + 420
HOMA-IR 20+ 14 18+ 14 1.5+ 599 24+ 23 19+ 17 -39+ 442
HOMA-B (%) 293 £ 194 36.1 + 249% 341 £ 56571 370 £ 265 378+ 279 142 £ 536
LDL-C (mg/dL) 1098 + 294 1026 £ 30.2* —57 161 103.7 £ 258 102.1 £ 270 -02 + 189
HDL-C (mg/dL) 682 + 162 664 + 180 —26 + 146 628 £ 152 634+ 174 21+ 194
TG (mg/dL) 989 £ 417 844 + 348* -89 + 365 112.1 £ 669 958 £ 510 —4.1 £ 396
eGFR (mL/min/1.73 m?) 771 £ 189 737 £ 160* —3.7 1+ 82 755+ 281 708 £ 21.3% —-48+ 18
Urine albumin (mg/gCre) 689 + 1334 422 + 1264* —363 + 433t 614 + 1543 81.2 £ 1945 1125 + 2550
Log (urine albumin) 1307 10 £ 06* -233+ 3791t 12+ 06 13+ 06 08 £ 1920

Values are mean = standard deviation. *P < 0.05 vs baseline by Wilcoxon matched-pairs signed-rank test, tP < 0.05 vs other glucose-lowering
agents group by unpaired Mann—=Whitney U-test. DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma
glucose; FPI, fasting plasma insulin; HbATc, hemoglobin Alc; HOMA-B, homeostasis model assessment 3 cell function; HOMA-IR, homeostasis
assessment model of insulin resistance; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood

pressure; TG, triglyceride.

0.9+ 0.3 to 0.7 = 04) and at 6 months (to 0.7 £ 0.3) in the
<30 mg/gCre group (P < 0.0001). The decrease in urinary
albumin excretion was significant in both groups (Figure 2a).
There were no significant differences between the two sub-
groups in the percentage changes in log urinary albumin
excretion (Figure 2b).

We also examined the relationship between the percentage
change in log urinary albumin excretion and percentage change
in markers of diabetic control, and various non-glycemic meta-
bolic variables in the sitagliptin group. Univariate analysis
showed that the percentage change in log urinary albumin
excretion correlated significantly with the percentage change in
DBP (r = 0.327; P = 0.034) and log urinary albumin excretion
at baseline (r = —0.371; P = 0.016). In contrast, the percentage
change in log urinary albumin excretion did not correlate with
glucose and lipid metabolism (Table 3). Finally, multivariate
analysis identified the percentage change in log urinary albumin
excretion as the only significant determinant of percentage
change in DBP (adjusted multiple R* = 0.104, standardized
coefficient B = 0.322, t = 2.153, P = 0.037; Table 4).

DISCUSSION

The results of the present study showed that sitagliptin reduces
urinary albumin excretion in patients with type 2 diabetes mell-
itus. Urinary albumin excretion at 6 months was significantly
lower compared with that at baseline, without any change in
other medications, including statins and angiotensin receptor
blockers. Urinary albumin excretion decreased by 26.7 mg/
gCre. Other studies reported falls in urinary albumin excretion
from 11.6 + 8.4 to 4.5 + 5.0 mg/gCre'®, and from 76.2 + 95.6

to 33.0 = 48.1 mg/gCre after 6-month treatment with sitagliptin
in patients with type 2 diabetes mellitus'®; however, these stud-
ies were uncontrolled studies.

In the present study, patients with normoalbuminuria
showed a reduction in urinary albumin excretion, suggesting
that sitagliptin can prevent the development of microalbumin-
uria. Furthermore, a fall in urinary albumin excretion was also
noted in patients with microalbuminuria, suggesting the benefi-
cial effect of sitagliptin in the early stage of diabetic nephropa-
thy. Patients with type 2 diabetes mellitus and micro- or
macroalbuminuria are at high risk of cardiovascular death
(2-12 times higher than that observed in patients with less
serious albuminuria)'”'®, Furthermore, in patients with type 2
diabetes mellitus and normoalbuminuria, any degree of mea-
surable urinary albumin bears a significant risk for cardiovas-
cular events. The association between albuminuria and risk is
continuous, and there is no threshold level that distinguishes
patients at risk from those who are protected from cardiovas-
cular disease'”.

Albuminuria can be reduced by amelioration of insulin sensi-
tivity”®, weight loss*', and by blood pressure and blood glucose
reduction®”. The mechanism of sitagliptin-induced improve-
ment of albuminuria is unknown. In the present study, sitaglip-
tin did not reduce insulin sensitivity level, weight or blood
pressure, but reduced blood glucose and HbAlc. One of the
mechanisms responsible for the reduction of albuminuria might
be the control of blood sugar level. However, there was no cor-
relation between the percentage change in urinary albumin
excretion and the percentage change in blood glucose. Attenu-
ating glucose swing by reducing not only fasting blood sugar,
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Figure 1 | (@ Comparison of the effects of sitagliptin and other oral
glucose-lowering agents administered for 3 and 6 months on log
urinary albumin excretion. In these box-and-whisker plots, lines within
the boxes represent median values; the upper and lower lines of the
boxes represent the 25th and 75th percentiles, respectively; and the
upper and lower bars outside the boxes represent the 90th and 10th
percentiles, respectively. Baseline and post-treatment values within each
group were compared by Friedman test. (b) Mean percentage change
in log urinary albumin excretion. Between-group comparisons were
tested by unpaired Mann—-Whitney U-test.

but also postprandial blood sugar, might lead to inhibition of
vascular inflammation®. We measured fasting glucose level
only, but did not measure postprandial glucose. Percentage
changes in fasting glucose and HbAlc in other oral glucose-
lowering agents, and in sitagliptin were similar. However, the
decrease in urinary albumin excretion was only significant in
the sitagliptin group. Therefore, there is no relationship between
the reduction in urinary albumin excretion and reduction in
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Figure 2 | (a) Effects of 6-month course of sitagliptin on log urinary
albumin excretion in subgroups of patients with high >30 mg/gCre)
and low (<30 mg/gCre) urinary albumin excretion levels. Baseline and
post-treatment values within each group were compared by Friedman
test. (b) Mean percentage change in log urinary albumin excretion in
subgroups of patients with high (30 mg/gCre) and low (<30 mg/
gCre) urinary albumin excretion levels. Between-group comparisons
were tested by unpaired Mann-Whitney U-test. Data are presented as
box and whisker plots.

glucose metabolism in the sitagliptin group. Another mecha-
nism might be the control of blood pressure. The antihyperten-
sive effect of GLP-1 is attributed to the GLP-1 dependent
increases in salt and water excretion''. In the present study,
multivariate analysis identified percentage change in urinary
albumin excretion as the only significant determinant of the
percentage change in DBP. However, the percentage change in
urinary albumin excretion did not correlate significantly with
the percentage change in SBP. SBP and DBP remained
unchanged, relative to the baseline.
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Table 3 | Correlation coefficients between percentage change in log
urinary albumin and percentage change in markers of diabetic control,
and various non-glycemic metabolic variables in sitagliptin

r P-value
% Change in bodyweight —-0.130 0412
% Change in SBP 0216 0.170
% Change in DBP 0327 0034
% Change in HbATc —-0.101 0523
9% Change in FPG -0211 0.179
% Change in FPI 0.144 0362
% Change in HOMA-B 0262 0.0%4
% Change in LDL-C 0.191 0226
% Change in HDL-C —0021 0897
% Change in TG 0099 0534
% Change in eGFR —0057 0721
Log(urine albumin) at baseline -0371 0016

Data are results of Spearman’s rank correlation for variables at

6 months. DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration rate; FPG, fasting plasma glucose; FPI, fasting plasma insulin;
HbATc, hemoglobin Alc; HOMA-B, homeostasis model assessment 3
cell function; HOMA-IR, homeostasis assessment model of insulin resis-
tance; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglyceride.

Table 4 | Linear multivariate analyses with percentage change of log
urine albumin as the dependent variable

Variables Unstan- Standardized ~ P-value  95% Cl

dardized coefficients B

coefficient
Intercept —22019 <0001 33424 10613
% Change 0986 0322 0037 0061 1911
of DBP

Multivariate stepwise regression analysis with percentage change in log
urinary albumin level as the dependent variable and log urinary albu-
min at baseline, percentage change in bodyweight, blood pressure,
lipid metabolism, glucose metabolism and hemoglobin Alc. Cl,
confidence interval; DBP, diastolic blood pressure.

Another possible mechanism of induction of urinary albumin
excretion might be the direct effect of sitagliptin through
increased levels of active GLP-1. High levels of GLP-1 inhibit
advanced glycation end-product-induced upregulation of mes-
senger ribonucleic acid levels of vascular cell adhesion molecule
1 (VCAM-1) in vascular endothelial cells'®. In another report,
exendin-4, a GLP-1 agonist, prevented macrophage infiltration,
and reduced the levels of intercellular adhesion molecule-1
(ICAM-1) and type IV collagen, and also reduced the level of
oxidative stress in renal tissues, and directly attenuated the
release of pro-inflammatory cytokines from macrophages and
ICAM-1 production from glomerular endothelial cells'’. Sitag-
liptin might also have anti-inflammatory effects in the kidney
through the GLP-1 receptor by increasing the level of active

http://onlinelibrary.wiley.com/journal/jdi

GLP-1, possibly leading to alleviation of albuminuria. The other
anti-inflammatory property of GLP-1 involving the cyclic aden-
osine monophosphate/protein kinase A pathway might also
contribute to the reduction in urinary albumin level**. Thus,
sitagliptin might increase active GLP-1 levels, which in turn
decrease urinary albumin excretion. In contrast, sitagliptin also
decreased the eGFR level. This possible scenario is based on
previous findings that GLP-1 enhances sodium excretion and
reduces H" secretion and glomerular hyperfiltration in obese
men®®, and that excendin-4 ameliorates glomerular hyperfiltra-
tion and glomerular hypertrophy™.

The present study had several limitations. The number of
participants was small, the study duration was short and the
study design was not a double-blind study. We used sitagliptin
in the present study, and the effects of other DPP-4 inhibitors
on albuminuria are unknown at present.

In conclusion, the present data provided evidence that DPP-
4 inhibitors can prevent progression of diabetic nephropathy by
reducing the severity of proteinuria and albuminuria. Sitagliptin
is effective for albuminuria in Japanese patients with type 2
diabetes mellitus.
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