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Abstract: Objective: To investigate the effects of vildagliptin on blood glucose fluctuation in patients with type 2 
diabetes mellitus (T2DM) receiving hemodialysis for end-stage renal disease (ESRD). Methods: Thirty patients were 
randomly divided into two groups: vildagliptin group and a conventional therapy group, and the treatment lasted 
for 14 days. Glucose fluctuation, as reflected by glycemic excursions (MAGE) and standard deviation blood glucose 
(SDBG), were examined using continuous glucose monitoring system (CGMS) pre- and post-treatment. Mean blood 
glucose (MBG) was also examined. Results: In the vildagliptin group, both MAGE and SDBG were significantly de-
creased post-treatment compared with those pre-treatment (P < 0.001). MBG was also reduced (11.28±2.32 vs. 
8.33±1.48, P = 0.000) when compared to the baseline. In the conventional therapy group, no significant differences 
were found in MAGE (9.73±2.89 vs. 9.89±2.86, P = 0.880), SDBG (3.24±0.78 vs. 3.03±0.65, P = 0.424) and MBG 
(11.07±1.77 vs. 11.23±1.94, P = 0.819) between pre- and post-treatment. The changes of MAGE (-2.67±2.07 vs. 
0.16±0.50, P = 0.000), SDBG (-1.12±0.56 vs. -0.21±0.34, P = 0.000), and MBG (-2.96±1.17 vs. 0.16±0.52, P = 
0.000) pre- and post-treatment differed significantly between the two groups, respectively. Conclusion: Vildagliptin 
can reduce blood glucose fluctuation in T2DM patients receiving hemodialysis for ESRD.
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Introduction

Increasing evidences have shown that rapid 
glucose fluctuations over a daily period in  
type 2 diabetes mellitus (T2DM) might play  
an important role in diabetic complications. 
Rapid glucose fluctuation could trigger oxida-
tive stress and inflammatory cytokines, which 
could induce the development and progression 
of atherosclerosis affecting vasodilation. The 
damage caused by glucose fluctuation could  
be more severe than sustained hyperglyce- 
mia. Blood glucose fluctuation is typically more 
severe in patients with T2DM receiving dialysis 
for end-stage renal disease (ESRD), with more 
frequent episodes of asymptomatic hypoglyce-
mia (1). Insulin is commonly used in patients 
with severe renal impairment (RI) and ESRD as 
oral anti-diabetic agents (OADs) [1].

DPP-4 inhibitors are a new class of OADs for 
the control of blood glucose by reducing the 

degradation of GLP-1 via inhibiting DPP-4 
enzyme. Previous studies have confirmed the 
efficacy and safety of DPP-4 inhibitors in T2DM 
patients with moderate to severe RI with ESRD 
[2]. In addition, several studies have also sug-
gested that DPP-4 inhibitors could reduce blood 
glucose fluctuation in T2DM patients [3-6]. How- 
ever, there are few studies that have reported 
the potential effects of DPP-4 inhibitors on glu-
cose fluctuation in patients with T2DM receiv-
ing hemodialysis for ESRD. Therefore, the aim 
of the current study was to examine the effects 
of vildagliptin on blood glucose fluctuation in 
patients with T2DM receiving hemodialysis for 
ESRD.

Materials and methods

Study objects

The study was approved by the hospital ethics 
committee, and conducted in accordance with 
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the Declaration of Helsinki. All participants 
signed written informed consent.

In the initial screening, 50 T2DM patients (36 
men, 14 women) with ESRD receiving hemodi-
alysis (with sugar-free dialysate) at the Sun Yat-
Sen University Affiliated Foshan Hospital during 
the period from January 2014 to December 
2014 were enrolled, in which twenty subjects 
were excluded for the following reasons: refusal 
(n = 7), HbA1c ≤ 7% (n = 11), and conditions 
listed in the exclusion criteria (n = 2). Finally, 
thirty subjects (19 men, 11 women) were 
enrolled in this study, and then randomly divid-
ed into vildagliptin group or conventional thera-
py group (standard therapy only) for 14 days’ 
treatment, with 15 patients in each group. All 
30 subjects completed the trial. The current 
therapy of the patients at the baseline is shown 
in Table 1.

Inclusion criteria: (1) diagnosis of T2DM based 
on the 1999 World Health Organization (WHO) 
standard (HbA1c > 7%); (2) no treatment of 
DPP-4 inhibitor received previously; (3) stage-5 
chronic kidney disease (CKD) based on 2007 
National Kidney Foundation (NKF) criteria: glo-
merular filtration rate (eGFR) < 15 ml/min × 
1.73 m2 and (4) receiving long-term mainte-
nance dialysis (3 or less weekly episodes) with 
sugar-free dialysate.

Exclusion criteria: (1) pregnancy or lactation; (2) 
type 1 diabetes mellitus; (3) acute renal failure; 
(4) liver diseases, such as cirrhosis, hepatitis 
B/C, or increase of alanine transaminase (ALT), 
aspartate transaminase (AST) or total bilirubin 
(defined as increase to or above three times  
of the ULN); (5) myocardial infarction, coronary 
bypass surgery, unstable angina pectoris, ar- 

rhythmia or CHF that requires medication in the 
past 6 months; (6) a history of pancreatitis, 
either acute or chronic; (7) lung disease, either 
acute or chronic; (8) malignant tumor, including 
leukocythemia and lymphoma, in the past 5 
years, (9) acute infection with fever and elevat-
ed WBC; and finally (10) use of iron or antioxi-
dants during dialysis.

Study methods

Efficacy evaluations: The primary efficacy as- 
sessment was change in MAGE from baseline 
following the treatment duration of 14 days. 
Blood glucose fluctuation was examined pre-
treatment (as baseline) and upon the com- 
pletion of the study using a continuous glucose 
monitoring system (CGMS) (CGMSR goldTM glu-
cose monitor; Medtronic Mini Med Inc., North- 
ridge, USA) for 48 consecutive hours (starting 
from 8 am; including 1 dialysis day and 1 non-
dialysis day). The following parameters were 
used to reflect blood glucose fluctuations: 
mean amplitude of glycemic excursions (MAGE), 
standard deviation blood glucose (SDBG) that 
were calculated using the MAGE statistical 
software (CGMS Software 3.0). Mean blood  
glucose (MBG) was also recorded. ΔMAGE 
(change in MAGE pre- and post-treatment), 
ΔMBG (change in MBG pre- and post-treat-
ment), and ΔSDBG (change in SDBG pre- and 
post-treatment) were measured. BCA and gly-
cated hemoglobin (HBA1c) were examined at 
the baseline using high-frequency liquid chro- 
matography.

Safety: Subjects were questioned in regards to 
study compliance (diet, medication), concomi- 
tant medication, and adverse events. Safety 
assessments were performed throughout the 
study. Adverse events were graded by intensity: 
mild, moderate or severe. Serious adverse 
events were defined as medical events that 
resulted in death, hospitalization or significant 
disability or incapacity. Patient withdrawal from 
the study was considered if an allergy or 
intolerance to the drug appeared during the 
study, if either the serum transaminase or 
creatine kinase concentration increased to 
more than double the upper limit of the normal 
range, or following the development of any 
condition that, in the opinion of the investi- 
gators, might have posed a risk to the patient 
or confounded the results of the study.

Table 1. Current therapy at the baseline

Previous anti-diabetic 
medication

Vildagliptin 
group  

N = 15

Conventional 
therapy group 

N = 15
Anti-diabetic drug-naive 2 1
Insulin monotherapy 10 12
Insulin and OAD 3 2
RAS inhibitors 14 15
Statins 10 9
P < 0.05 was regarded as statistically significant. OAD: 
oral anti-diabetic agents.
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Hemodialysis procedure: In all patients, the 
hemodialysis procedure was performed for 4  
h at a blood flow rate of 200 mL/min and a 
dialysate flow rate of 500 mL/min. Hemodialy- 
sis was performed using dialyser containing 
high-flux membranes such as polysulphone, 
polyester-polymer alloy or cellulose triacetate. 
The surface area of the dialyser membrane  
was selected according to the body weight of 
the patient. Glucose-free dialysate was used  
in all the patients. Heparin was used at 2600-
5000 units per 4 h hemodialysis session for 
anticoagulation. The volume of ultrafiltration 
was maintained on the basis of clinical dry 
weight during each session.

Statistical methods

Data analysis was analysed using the SPSS 
21.0 statistical software (SPSS Inc.). Normality 
and homogeneity of variance were examined 
prior to analysis that examined potential differ-
ences between the two groups. MAGE, SDBG 
and MBG were analyzed using ANOVA. P < 0.05 
was considered to be statistically significant.

The changes differed significantly between  
the two groups in ΔMAGE (-2.67±2.07 vs. 
0.16±0.50, P = 0.000), ΔSDBG (-1.12±0.56 vs. 
-0.21±0.34, P = 0.000), and ΔMBG (-2.96±1.17 
vs. 0.16±0.52, P = 0.000) (Table 3).

Adverse events

The overall safety and tolerability of vildagliptin 
were reasonable. Adverse events were gener-
ally mild, including mild hypoglycemia, dizzi-
ness and mild diarrhea (Table 4). The rate of 
adverse events was 40% and 60% in the vilda-
gliptin group and conventional therapy group, 
respectively.

Discussion

In this study, we demonstrated that vildagliptin 
could reduce glucose fluctuation was safty for 
diabetic patients undergoing hemodialysis for 
ESRD.

Previous studies have reported rapid glucose 
fluctuations may trigger oxidative stress and 
inflammatory cytokines that can induce vascu-

Table 2. Patient demographics and baseline charac-
teristics (randomized population)

Vildagliptin 
group
N=15

conventional 
therapy group 

N=15

P 
value

Age (years)
Mean ± SD

66.76+5.79 63.50±4.99 0.110

Sex
    Male 9 (60%) 11 (73%) 0.316
BMI (kg/m2)
Mean ± SD

22.94±2.72 24.49±3.30 0.171

ESRD duration (years)
Mean ± SD

3.50±0.85 2.87±1.28 0.126

HbA1c (%)
Mean ± SD

8.78±0.43 8.85±0.46 0.653

MAGE
Mean ± SD

9.05±2.06 9.73±2.89 0.465

MBG
Mean ± SD

11.28±2.32 11.07±1.77 0.779

SDBG
Mean ± SD

3.14±0.71 3.24±0.78 0.709

χ2 test, Fisher’s exact test or one-way ANOVA was performed. P < 
0.05 was regarded as statistically significant. SD: standard devia-
tion; BMI: body mass index ESRD: end stage renal disease; HbA1c: 
glycosylated hemoglobin; MAGE: mean amplitude of glycemic 
excursion; MBG: mean blood glucose; SDBG: standard deviation of 
blood glucose.

Results

Patient demographics and baseline char-
acteristics

No significant differences were found in 
age, gender, body mass index (BMI), ESRD 
duration, and metabolic characteristics 
between the two groups (P > 0.05, Table 2). 
No significant differences were found in 
MAGE, SDBG, and MBG at the baseline 
between the two groups (P > 0.05).

Blood glucose fluctuation in both groups at 
the baseline and the endpoint

In the vildagliptin group, both MAGE and 
SDBG were significantly decreased at the 
endpoint of the 14-day trial compared with 
the baseline (9.05±2.06 vs. 6.38±1.50, 
3.14±0.71 vs. 2.02±0.48, P = 0.000). MBG 
was also reduced (11.28±2.32 vs. 8.33± 
1.48, P = 0.000) compared to baseline. In 
the conventional therapy group, no signifi- 
cant differences were found in MAGE 
(9.73±2.89 vs. 9.89±2.86, P = 0.880), 
SDBG (3.24±0.78 vs. 3.03±0.65, P = 
0.424) and MBG (11.07±1.77 vs. 11.23± 
1.94, P = 0.819) pre- and post-treatment. 
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lar endothelial damage and other dialysis  
complications [7, 8]. In patients with T2DM 
receiving dialysis for ESRD, rapid glucose fluc-
tuation is typically more severe, with more fre-
quent episodes of asymptomatic hypoglycemia. 
Several mechanisms are involved in the abnor-
mal fluctuation in those patients. Insulin is 
more frequently used in T2DM patients with 
ESRD, but the clearance and degradation of 
insulin in this type of patients is reduced due to 
impaired renal function, which results in the 
increase in the level of serum insulin. Firstly, 
insulin accumulation induces down-regulation 
of insulin receptors and exacerbates insulin 
resistance, which reduces the glucose con-
sumption and leads to severe hyperglycemia. 
However, inflammatory cytokines and oxidative 
stress indicators are cleared up after hemodi-
alysis, and the sensitivity of insulin receptor 
increases which may lead to hypoglycemia. 
Secondly, glucose-free dialysate makes blood 
glucose loss more severe in the hemodialysis, 
which will also leads to hypoglycemia. In con-
clusion, these results suggest that blood glu-
cose fluctuation occurred mor often in T2DM 
patients receiving maintenance dialysis [9].

DPP-4 inhibitors, as a new class of OADs, func-
tion by blunting the glucose fluctuation of T2DM 
(2-4). DPP-4 inhibitors regulate blood glucose 

by regulating the secretion of insulin from 
β-cells and glucagon from α-cells, which are 
dependent on the absolute glucose concentra-
tion, meanwhile, reduce the rapid glucose fluc-
tuation. On the one hand, when the level of 
blood glucose is relatively high, DPP-4 inhibi-
tors could promote the secretion of insulin and 
suppress the release of glucagon, which makes 
the level of blood glucose decrease [3-5]. On 
the other hand, when the level of blood glu- 
cose is relatively low, DPP-4 inhibitors could 
increase the release of glucagon rather than 
promoting the secretion of insulin. Many stud-
ies have confirmed the effects of DPP-4 inhibi-
tors on the glucose fluctuation in T2DM. M.R. 
Rizzo et al., found both DPP-4 inhibitors vilda-
gliptin and sitagliptin treatment were associat-
ed with the decrease in MAGE in T2DM patients, 
and MAGE reduction is associated with the 
reduction of oxidative stress and markers of 
systemic inflammation [10]. This study also 
found these effects were greater in the vilda-
gliptin group than in the sitagliptin group, likely 
due to covalent binding of vildagliptin with 
DPP-4 enzyme and more robust inhibition of 
DPP-4. In clinical practice, vildagliptin is given 
twice daily in contrast to the once daily admin-
istration with sitagliptin [11]. As a result, vilda-
gliptin could elevate GLP-1 and suppress gluca-
gon. Elevated GLP-1 level and decreased gluca-
gon level are negatively and positively associ-
ated with ΔMAGE, respectively [10] Y. L. He et 
al., reported that vildagliptin treatment was 
associated with less fluctuation of glucose lev-
els than glimepiride treatment as assessed by 
24-h CGM device, suggesting that vildagliptin 
may have the potential to offer long-term ben-
eficial effects for patients with T2DM by pre-
venting the development of complications of 
diabetes.

Vildagliptin is a DPP4 inhibitor that could be 
used in T2DM patients with moderate to severe 

Table 3. Blood glucose fluctuation characteristics in both groups at the baseline and the endpoint
Vildagliptin group N=15 Conventional therapy group N=15

Baseline Endpoint Δ value P value Baseline Endpoint Δ value P value P value (Δ group)
MAGE
Mean ± SD

9.05±2.06 6.38±1.50 -2.67±2.07 0.000 9.73±2.89 9.89±2.86 0.16±0.50 0.880 0.000

SDBG
Mean ± SD

3.14±0.71 2.02±0.48 -1.12±0.56 0.000 3.24±0.78 3.03±0.65 -0.21±0.34 0.424 0.000

MBG
Mean ± SD

11.28±2.32 8.33±1.48 -2.96±1.17 0.000 11.07±1.77 11.23±1.94 0.17±2.35 0.819 0.000

One-way ANOVA was performed. P < 0.05 was regarded as statistically significant. MAGE: mean amplitude of glycemic excursion; MBG: mean 
blood glucose; SDBG: standard deviation of blood glucose.

Table 4. Safety summary and most common 
AEs

Vildagliptin group 
N=15

Control group 
N=15

N (%) N (%)
Any AEs 6 (40%) 9 (60%)
    Hypoglycamia 3 (20.0) 5 (33.3)
    Dizziness 2 (13.3) 3 (20.0)
    Diarrhoea 1 (6.67) 1 (6.67)
χ2 test was performed. P < 0.05 was regarded as statisti-
cally significant. AE: adverse event.
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RI and ESRD, including those receiving hemodi-
alysis for ESRD. The efficacy and safety of vilda-
gliptin in T2DM patients is well evidenced. W. 
Kothny et al., reported that vildagliptin added  
to ongoing anti-diabetic therapy had a safety 
profile similar to placebo in 515 patients with 
type 2 diabetes and moderate or severe renal 
impairment during 1-year observation. V. Luka- 
shevich et al., found that, when added to insulin 
therapy in patients with severe renal impair-
ment and long-standing T2DM, vildagliptin (50 
mg once daily) was efficacious and safe. For 
T2DM patients with ESRD undergoing hemodi-
alysis, M. Ito reported a prospective, open-
label, parallel group, controlled study of 51 
patients with type 2 diabetic patients undergo-
ing hemodialysis during the 24-week study peri-
od. In this study, patients were assigned to  
two groups: the vildagliptin group (n = 30) and 
the control group (n = 21). Vildagliptin was 
administered at 50 mg/day for the first 8 
weeks. The result revealed that vildagliptin was 
effective in treating diabetic patients undergo- 
ing hemodialysis. Based on the results of these 
clinical trials, vildagliptin has been approved by 
CFDA and EMA for use in diabetic patients with 
ESRD undergoing hemodialysis. Similar to the 
previous study, our study suggested vildagliptin 
was safe and well-tolerated in T2DM patients 
receiving hemodialysis for ESRD.

In summary, in T2DM patients receiving he- 
modialysis for ESRD, blood glucose fluctuation 
is an important factor affecting their survival 
rate. In this study, we showed that vildagliptin 
could reduce blood glucose fluctuation in T2DM 
patients receiving hemodialysis for ESRD. To 
the best of our knowledge, this is the first time 
that such an effect of vildagliptin is reported in 
ESRD patients.

Limitation and conclusion

There were still several limitations to our study: 
(1) samples was small and had an open-label 
design, which are both limiting factors for the 
generalization of the data; (2) short duration of 
the intervention and observation.

The current study demonstrated that vildag- 
liptin could reduce the blood glucose fluctu- 
ation in T2DM patients receiving maintenance 
hemodialysis for ESRD.
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