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ABSTRACT

Anti-diabetic agent-related hypoglycemia is a serious complication in type 2 diabetic patients on hemodialysis. Therefore, we assessed
the efficacy and tolerability of 24 weeks of monotherapy with vildagliptin, a dipeptidyl peptidase four inhibitor, which is a new class
of antidiabetic agent. This open-label, single-arm clinical trial was performed on 26 patients on hemodialysis. The primary assessments
were changes in postprandial glucose level and glycated albumin (GA). During the study, three patients dropped out, and data
from 23 patients were analyzed. Significant reductions were seen in postprandial glucose ()2.60 ± 3.80 mmol/L, P < 0.001) and GA
()2.59 ± 2.33%, P < 0.001) levels. No serious drug-related adverse events were observed. Vildagliptin monotherapy can be recom-
mended for glycemic control in type 2 diabetic patients on hemodialysis. This trial was registered with the University Hospital Medical
Information Network (no. UMIN000003661). (J Diabetes Invest, doi: 10.1111/j.2040-1124.2011.00169.x, 2012)
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INTRODUCTION
Strict glycemic control has beneficial effects on the prognosis of
diabetic patients both with and without renal dysfunction1,2.
Although intensive treatment with insulin or oral agents is used
for glycemic control, the management of diabetes in patients
with renal dysfunction presents unique challenges. Drug-
induced hypoglycemia is of particular concern in patients with
renal dysfunction, being a serious complication that limits thera-
peutic choices and leads to unsatisfactory outcomes3. Thus,
additional effective and well-tolerated treatment options are
needed for diabetic patients with renal dysfunction.

Glucagon-like peptide-1 (GLP-1) is an incretin hormone, which
stimulates insulin secretion and suppresses glucagon secretion.
Inhibitors of the enzyme dipeptidyl peptidase-4 (DPP-4), which
degrades GLP-1, have shown beneficial effects on glycemic control
along with a low risk of hypoglycemia4,5. Of the DPP-4 inhibitors
introduced to date, vildagliptin can be used for patients with renal
dysfunction, because its main metabolites are pharmacologically
inactive, although systemic exposure to vildagliptin is slightly
increased in patients with renal dysfunction6 (Cmax 8–66%; AUC
32–134%). However, there are limited data for its use in patients
on hemodialysis, because vildagliptin was recently approved and
its efficacy has only been examined in patients without end-stage
renal disease7–9. In this study, therefore, we assessed the efficacy
and tolerability of vildagliptin monotherapy in type 2 diabetic
patients on hemodialysis.

MATERIALS AND METHODS
This was a 24-week, open-label, single-arm clinical study con-
ducted at Otowa Memorial Hospital and Shiga University of
Medical Science in Japan. The study enrolled hemodialysis
patients with drug-naı̈ve type 2 diabetes with postprandial
plasma glucose (PG) >11.1 mmol/L, glycated albumin (GA)
>20%, or HbA1c >6.5%, as well as patients treated with an oral
anti-diabetic agent. Patients who had been treated with an oral
agent before the study were switched to vildagliptin without a
wash-out period. Exclusion criteria included patients on insulin
therapy, and those with liver disease, stroke, coronary artery dis-
ease, or evidence of malignancy or infectious disease.

After a 2-week screening period, eligible patients received vil-
dagliptin monotherapy (50 mg daily) for 24 weeks. Postprandial
(2 h after a meal) blood samples were collected before starting
hemodialysis. Postprandial PG and GA levels were measured at
screening, and at weeks 0, 2, 4, 8, 12, 16, 20 and 24. Postpran-
dial plasma active GLP-1 and glucagon were assessed at weeks
0, 4, 8, 16 and 24. All adverse events were recorded. To measure
active GLP-1 or glucagon, plasma was collected in tubes con-
taining either the DPP-4 inhibitor or aprotinin. GLP-1 and glu-
cagon were measured by ELISA and RIA, respectively (Linco
Research Inc., St Charles, MO, USA). The value for HbA1c (%)
is estimated as a National Glycohemoglobin Standardization
Program (NGSP) equivalent value (%) calculated by the formula
HbA1c (%) = HbA1c Japan Diabetes Society (JDS) (%) + 0.4%,
considering the relational expression of HbA1c (JDS) (%)
measured by the previous Japanese standard substance and mea-
surement methods and HbA1c (NGSP)10.

Data were analyzed using SPSS version 17.0 (SPSS Inc.,
Tokyo, Japan). The distribution of variables was analyzed by
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Table 1 | Characteristics of all participants at baseline and at the end of the study

Variables Baseline Study end (24 weeks) P-value

Creatinine (lmol/L) 680.5 ± 293.8 682.3 ± 316.8 0.938
Blood urea nitrogen (mmol/L) 19.9 ± 6.54 17.6 ± 5.21 0.109
Albumin (g/L) 33.8 ± 3.2 34.1 ± 3.2 0.575
Hematocrit (%) 31.4 ± 4.1 31.7 ± 3.0 0.690
Hemoglobin (g/L) 99.0 ± 13.0 100.0 ± 9.0 0.569
Alanine transferase (ALT) (IU/L) 12.4 ± 4.7 13.0 ± 3.0 0.368
Triglyceride (mmol/L) 1.62 ± 0.70 1.70 ± 0.65 0.557
Total cholesterol (mmol/L) 4.47 ± 1.24 4.59 ± 0.96 0.538
High density lipoprotein cholesterol (mmol/L) 1.06 ± 0.29 1.03 ± 0.23 0.750
Immunoreactive insulin (IRI) (pmol/L) 145.1 ± 160.4 127.0 ± 86.3 0.504
C-peptide (nmol/L) 3.31 ± 1.49 3.42 ± 1.33 0.659
Interleukin 6 (pg/mL) 6.21 ± 1.67 5.58 ± 1.93 0.101
Erythropoietin dose (U/week) 4532.6 ± 3193.8 3913.0 ± 2568.0 0.302
Body weight (dry weight) (kg) 51.3 ± 14.6 51.3 ± 14.8 0.928
Intradialysis weight gain (kg) 2.62 ± 1.64 2.56 ± 1.39 0.664
Systolic blood pressure (mmHg) (before starting hemodialysis) 146.3 ± 19.2 144.2 ± 19.7 0.637
Diastolic blood pressure (mmHg) (before starting hemodialysis) 73.0 ± 11.9 72.5 ± 13.8 0.833

Paired Student’s t test was used to compare between time-points. Values are expressed as means ± SD and P < 0.05 was considered statistically
significant.
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Figure 1 | Time-course of changes in (a) postprandial plasma glucose, (b) glycated albumin, (c) plasma GLP-1 and (d) plasma glucagon levels. *P < 0.05 vs
week 0; †P < 0.01 vs week 0; ‡P < 0.001 vs week 0. (e) Correlation between relative changes in plasma active GLP-1 and glycated albumin levels (n = 23).
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checking histograms and normal plots of the data, and normal-
ity was tested using the Kolmogorov–Smirnov and Shapiro–
Wilk tests. Statistical analyses were conducted by ANOVA followed
by Tukey’s test or Student’s t-test to compare between time-
points. Pearson’s or Spearman’s rank correlation coefficients
were calculated to determine correlations between variables. Val-
ues are expressed as means ± SD and P < 0.05 was considered
statistically significant.

All participants provided written informed consent. The pro-
tocol was approved by an independent ethics committee/institu-
tional review board.

RESULTS
Of 26 patients enrolled in this study, three patients dropped out
because of fatigue, worsening of glycemic control after switching
to vildagliptin from mitiglinide, and severe pneumonia. There-
fore, we analyzed data from 23 patients (male/female = 9/14)
who completed the study. The mean age and duration of
hemodialysis were 73.4 and 4.6 years, respectively. The mean
postprandial PG and GA levels at baseline were 11.4 mmol/L
and 23.8%. Sixteen patients were drug-naı̈ve, five patients
had been previously treated with voglibose (0.9 mg/day) and

two patients had been previously treated with mitiglinide
(10 mg/day).

Several parameters remained unchanged at endpoint (Table 1),
and no hypoglycemic events were recorded in the 23 analyzed
patients. Vildagliptin elicited significant reductions in parameters
of glycemic control by week 2, including postprandial PG and
GA, which is a better marker for glycemic control than HbA1c in
dialysis patients11 (Figure 1a,b). At the end of the study, the
change from baseline was –2.60 ± 3.80 mmol/L (P < 0.001) for
postprandial PG and )2.59 ± 2.33% (P < 0.001) for GA. Vildag-
liptin significantly increased postprandial plasma GLP-1 levels
(Figure 1c) and decreased postprandial plasma glucagon levels
(Figure 1d). The relative change in plasma GLP-1 was signifi-
cantly and inversely correlated with that of GA (Figure 1e).
Although not statistically significant, vildagliptin tended to
decrease the plasma IL-6 level, a prognostic marker for death and
cardiovascular events in hemodialysis patients12 (Table 1).

We next analyzed the data in two groups of patients accord-
ing to prior treatment. In the drug-naı̈ve patients, the results
were similar to those for all patients (Figure 2a–d). In patients
treated with anti-diabetic agents before the study, GA and
glucagon levels decreased significantly while GLP-1 increased
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Figure 2 | Time-course of changes in (a) postprandial plasma glucose, (b) glycated albumin, (c) plasma GLP-1 and (d) plasma glucagon levels. *P < 0.05
vs week 0; †P < 0.01 vs week 0; ‡P < 0.001 vs week 0. Closed circle: drug-naı̈ve patients. Open circle: anti-diabetic agent-pretreated patients.
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significantly after switching to vildagliptin. In contrast, postpran-
dial PG did not change significantly (Figure 2a–d).

DISCUSSION
Our study showed that vildagliptin improved glycemic control
without serious adverse effects in diabetic patients on hemodial-
ysis, as in diabetic patients without renal dysfunction7–9. Fur-
thermore, switching to vildagliptin from other anti-diabetic
agents did not worsen glycemic control, except in one patient.
These results suggest that vildagliptin is an effective anti-diabetic
agent for type 2 diabetic patients on hemodialysis.

Severe hypoglycemia causes serious events in elderly patients
on hemodialysis. The participants in this study are considered at
high risk because of their advanced age. In fact, the hypoglyce-
mic episodes were observed in two elderly patients treated with
mitiglinide before the study, and disappeared after switching to
vildagliptin. Thus, vildagliptin-mediated glycemic control with-
out hypoglycemia would be beneficial for glycemic control in
elderly patients on hemodialysis. However, as mentioned above,
one patient treated with mitiglinide before the study showed a
worsening of glycemic control after switching to vildagliptin that
was apparent within 1 week. We also compared all parameters
between non-responders and responders, but found no marked
differences in any of the parameters, including GA, GLP-1 and
glucagon levels. Overall, vildagliptin monotherapy was effective
in these type 2 diabetic patients on hemodialysis; nevertheless,
glucose levels should be carefully monitored, particularly after
switching from anti-diabetic agents.

Increases in GLP-1 levels and decreases in glucagon levels
both contribute to the blood glucose-lowering effects of DPP-4
inhibitors4, and we detected similar changes in these hemodialy-
sis patients. Furthermore, the relative change in GLP-1, but not
glucagon, was correlated with that of GA, suggesting that GLP-1
might contribute more to glucose-lowering in hemodialysis
patients. However, in patients who had been treated with an
anti-diabetic agent before the study, GA decreased significantly
without decreases in postprandial PG. These results suggested
that vildagliptin-mediated suppression of glucagon secretion
might improve GA by decreasing fasting PG, although we could
not measure this in the present study.

Our results suggest that raising plasma GLP-1 levels could be
a better therapeutic target for glycemic control in hemodialysis
patients. Interestingly, an a-glucosidase inhibitor such as vogli-
bose increases plasma GLP-1 levels with a mechanism different
from DPP-4 inhibitor13, suggesting that some additive or syner-
gistic effects may be expected when these two drugs are used
simultaneously in hemodialysis patients.

In conclusion, this study showed that vildagliptin monothera-
py is effective in type 2 diabetic patients on hemodialysis. How-
ever, limitations of our study included the small number of
patients. Further longitudinal and larger randomized studies are
needed to confirm the long-term tolerability and efficacy of
vildagliptin on glycemic control and the prevention of other
diabetic complications in these high-risk patients.
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