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Abstract
AIM: To investigate efficacy and safety of vildagliptin 
compared to other oral antidiabetics in clinical practice 
in Germany.

METHODS: In this prospective, open, observational 
study, patients with type 2 diabetes mellitus (T2DM) 
previously on oral monotherapy were selected by their 
treating physician to receive either vildagliptin add-
on to metformin (cohort 1), vildagliptin + metformin 
single-pill combination (SPC) (cohort 2) or another 
dual combination therapy with oral antidiabetic drugs 
(OADs) (cohort 3). According to routine clinical practice, 
interim examinations occurred every 3 mo: at base-
line, after approximately 3 mo and after approximately 
6 mo. Parameters documented in the study included 
demographic and diagnostic data, history of T2DM, 
data on diabetes control, vital signs, relevant prior and 
concomitant medication and disease history. Efficacy 
was assessed by changes in HbA1c and fasting plasma 
glucose (FPG) 3 mo and 6 mo after initiation of dual 
combination therapy. Safety was assessed by adverse 

event reporting and measurement of specific labora-
tory values (serum creatinine, total bilirubin, alanine 
aminotransferase, aspartate aminotransferase, creatine 
kinase).

RESULTS: Between October 2009 and January 2011, a 
total of 3881 patients were enrolled in this study. Since 
47 patients were withdrawn due to protocol violations, 
3834 patients were included in the statistical analysis. 
There were no relevant differences between the three 
cohorts concerning age, body weight and body mass 
index. Average diabetes duration was approximately  
6 years and mean HbA1c was between 7.6% and 7.9% 
at baseline. Antidiabetic treatment was recorded in 3648 
patients. Patients were treated with vildagliptin add-on 
to metformin (n = 603), vildagliptin + metformin (SPC) (n 
= 2198), and other oral OADs including combinations of 
metformin with sulfonylurea (n = 370), with glitazones (n 
= 123), other dipeptidyl peptidase-4 inhibitors (n = 99). 
After 6 mo of treatment, the absolute decrease in HbA1c 
(mean ± SE) was significantly more pronounced in pa-
tients receiving vildagliptin add-on to metformin (‑0.9% 
± 0.04%) and vildagliptin + metformin (SPC) (-0.9% ± 
0.03%) than in patients receiving other OADs (-0.6% 
± 0.04%; P  < 0.0001). In addition, significant cohort 
differences were observed for the improvement in FPG 
after 6 mo treatment (vildagliptin add-on to metformin: 
‑291 mg/L ± 18.3 mg/L; vildagliptin +metformin (SPC): 
-305 mg/L ± 9.6 mg/L; other antidiabetic drugs: -209 
mg/L ± 14.0 mg/L for (P  < 0.0001). Moderate decreases 
in body weight (absolute difference between last control 
and baseline: mean ± SE) were observed for patients 
in all cohorts (vildagliptin add-on to metformin: ‑1.4 kg 
± 0.17 kg; vildagliptin + metformin (SPC): ‑1.7 kg ± 
0.09 kg; other OADs: ‑0.8 kg ± 0.13 kg). No significant 
differences in adverse events (AEs) and other safety 
measures were observed between the cohorts. When 
performing an additional analysis by age (patients < 65 
years vs  patients ≥ 65 years), there was no relevant dif-
ference in the most common AEs between the two age 
groups and the AE profile was similar to that of the over-
all patient population.
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CONCLUSION: Clinical practice confirms that vilda-
gliptin is an effective and well-tolerated treatment in 
combination with metformin in T2DM patients.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Type 2 diabetes mellitus (T2DM) is one of  the most 
common non-communicable diseases worldwide and will 
be one of  the most challenging health problems in the 
21st century[1]. It is estimated that the world prevalence 
of  diabetes among adults (aged 20-79 years) will be 7.7%, 
affecting 439 million adults, by 2030[2]. Thus, in addition 
to preventive measures such as lifestyle changes, effective 
and safe treatments are necessary to manage T2DM. 

So far, metformin has been recommended by the 
American Diabetes Association[3] and is widely used as 
the first-line antidiabetic drug of  choice[4]. However, 
progression of  the underlying pathogenetic factors de-
spite metformin treatment in T2DM patients frequently 
requires additional glucose lowering drugs[5]. Thus, the 
treatment of  T2DM has moved towards combining 
metformin with other drugs with a different mechanism 
of  action. Oral antidiabetic medications which can be 
used in combination with metformin or alone include 
dipeptidyl peptidase-4 (DPP-4) inhibitors, which act 
by improving α- and β-cell sensitivity to glucose via in-
creasing concentrations of  active GLP-1[6]. Vildagliptin 
is a DPP-4 inhibitor which has been shown to improve 
glycemic control (without the weight gain and hypogly-
cemia) in combination with metformin[7]. In an extensive 
clinical study program, vildagliptin has been shown to be 
an efficacious and safe treatment both as monotherapy 
and in combination with metformin[8-11]. When studied in 
comparison to the respective monotherapy treatments, 
combinations of  vildagliptin and metformin provided 
superior efficacy while still showing a comparable overall 
tolerability profile and a low risk of  hypoglycemia[12,13].

Evidence on the efficacy and safety of  vildagliptin 
has been obtained from clinical studies, which were 
usually conducted in a restricted and highly regulated 
environment and may, thus, not necessarily reflect the 
everyday reality of  diabetes management. Observational 
studies have been suggested as a tool complementing 
randomized controlled trials to investigate efficacy and 
safety of  treatment strategies under conditions of  clinical 
practice[14]. Observational studies are important for the 

detection of  rare or late adverse effects of  treatments or 
insights into the efficacy in daily medical practice[14,15].

To gain more information about the real-life situation 
in the treatment of  type 2 diabetes with vildagliptin in Ger-
many, we have performed this large observational study 
“Pill burden and compliance in type-2 diabetic patients 
treated with vildagliptin” (PROVIL). The aim of  this study 
was to investigate the therapeutic efficacy, safety and the 
pill burden of  a combination therapy of  vildagliptin with 
metformin (vildagliptin add-on to metformin, GALVUS®,  
referred to as “vildagliptin add-on to metformin”) or a 
fixed combination therapy of  vildagliptin and metformin 
[EUCREAS®, referred to as “vildagliptin + metformin 
single-pill combination (SPC)”] compared to other oral an-
tidiabetic drugs (OADs) in routine medical practice. 

MATERIALS AND METHODS
Study design
The PROVIL study was conducted as open, observational 
multi-center study between October 2009 and January 
2011 in practices of  867 general practitioners and internists 
in Germany. The study was registered in accordance with 
§ 67 (6) German Drug Law (Arzneimittelgesetz, AMG) 
and conducted according to the applicable regulatory 
requirements and recommendations. As far as possible 
within the setting of  an observational, non-interventional 
trial, this study was conducted in accordance with ICH-
GCP. For all included patients written informed consent 
for documentation was obtained. The participating physi-
cians received a compensation for the documentation of  
each patient in accordance with the official scale of  physi-
cians’ fees(Gebührenordnung für Ärzte, GOÄ). The study 
was approved by the Ethics committee at the University of  
Leipzig. Participation in this study did not affect individual 
treatment according to medical needs of  the patients. The 
procedures and decisions of  the physicians were not influ-
enced and the frequency and scope of  examinations was to 
be according to practice routine. Additional examinations 
exceeding the usual scope were not required.

Study population
A total of  3881 patients were enrolled in 867 prac-
tices (Figure 1). Patients of  either sex with T2DM who 
had the following criteria were included into this non-
interventional study: patients who had received oral 
monotherapy, whose T2DM was considered inadequately 
controlled by this therapy by the physician and for whom 
the physician, thus, decided a therapy with vildagliptin 
add-on to metformin, vildagliptin + metformin SPC or 
another dual combination therapy with OADs. Since this 
was an observational study, all patients were treated based 
on routine clinical practice. No specific exclusion crite-
ria did apply. To obtain a sufficient number of  patients 
for the individual treatment cohorts, this study aimed to 
document patients on vildagliptin add-on to metformin 
(cohort 1) and vildagliptin + metformin SPC (cohort 2) 
vs other OADs (cohort 3). 

162 September 15, 2012|Volume 3|Issue 9|WJD|www.wjgnet.com

Blüher M et al . Real life diabetes treatment with vildagliptin



Study design and assessments
The study duration was about 6 mo. According to routine 
practice, interim examinations were expected so that pa-
tients were evaluated three times: at baseline (first visit), 
after approximately 3 mo and after approximately 6 mo. 
Parameters documented in the study included demo-
graphic and diagnostic data, history of  T2DM, data on 
diabetes control independent of  this study and according 
to the summary of  product characteristics (SmPC) and 
laboratory parameters [HbA1c, fasting plasma glucose 
(FPG), serum creatinine, total bilirubin, alanine amino-
transferase (ALT), aspartate aminotransferase (AST), 
creatine kinase], vital signs, relevant prior and concomi-
tant medication and diseases were documented. After 3 
and 6 mo weight, measurements on diabetes control and 
laboratory parameters independent of  this study and ac-
cording to the SmPC, as well as vital signs were repeated. 
In addition, changes in antidiabetic therapy, premature 
discontinuation, and occurrence of  adverse events (AEs) 
were documented. After 6 mo, efficacy and tolerability 
of  the oral dual antidiabetic combination therapy was as-
sessed by the treating physician and continuation of  oral 
dual antidiabetic therapy was recorded.

Since only OADs were allowed in this trial, no daily 
blood glucose measurement was needed based on the 
SmPC. We did not include additional blood glucose mea-
surements in this observational study setting to reflect 
real life clinical practice. 

The data in all documentation forms were examined for 
their plausibility by the data management department. Ad-
ditionally, for a defined percentage (2%, i.e., 28 centers in 
line with common practice in Germany[16]) randomly cho-
sen study centers, the documentation forms were compared 
with the source documents during on-site monitoring.

Statistical analysis
According to the predefined statistical analysis plan, the 

statistical evaluation was carried out using basic descrip-
tive statistical methods and was interpreted in an explor-
ative way. The difference in AE incidences between the 
cohorts was tested by a Chi-square test and the changes 
in HbA1c and fasting blood glucose were tested by a 
Kruskal Wallis test. Insofar as statistical procedures were 
used their results are to be understood as being descrip-
tive not confirmatory. The statistical evaluation was car-
ried out using SAS® Version 9.2 for Windows, (SAS Insti-
tute, Cary, NC). Patients who discontinued treatment for 
any reason and for whom no further data were available 
after the baseline visit were not included in the analysis.

RESULTS
Exposure
A total of  3881 patients were enrolled into this study. Of  
these, 3834 were included in the statistical analysis as 47 
patients were withdrawn (Figure 1). About 2801 patients 
received vildagliptin either as vildagliptin add-on to met-
formin (n = 603) or vildagliptin + metformin (SPC) (n = 
2198). 847 patients had received other OAD combination 
therapies. For 186 patients assignment to one of  these 
three cohorts was not possible, due to inconsistent co-
hort information documented by the treating physician. 

The most common daily dose in the vildagliptin add-on 
to metformin cohort was 100 mg (50 mg bid) vildagliptin 
and 2000 mg metformin (20.2% of  patients), followed by 
50 mg (50 mg qd) vildagliptin and 1000 mg metformin 
(15.6%) and 50 mg (50 mg qd) vildagliptin and 2000 mg 
metformin (13.1%). The vildagliptin + metformin (SPC) 
cohort daily dose at the initial visit was 50 mg/850 mg 
twice a day in 31.8% of  the patients and 50 mg/1000 mg 
twice a day in 63.9% of  patients. 

Demography
There were no significant differences between the 3 
treatment cohorts concerning age, body weight and BMI 
(Table 1). On average, patients had been diagnosed with 
T2DM for about 6 years and the mean HbA1c was be-
tween 7.6% and 7.9% at baseline. 

In all three cohorts, the most common concomitant 
medication given at baseline in addition to any anti-dia-
betic medication was medication for the cardiovascular 
system (in 66.2% to 73.2%) followed by medication for 
the musculoskeletal system (in 23.1% to 24.6% of  pa-
tients), for the alimentary tract and metabolism (in 20.3% 
to 25.6% of  patients), for the blood and blood forming 
organs (in 19.2% to 21.2% of  patients), and for the ner-
vous system (in 19.0% to 22.9% of  patients).

The OAD therapy used during the study course is 
summarized in Table 2. Apart from vildagliptin add-on to 
metformin and vildagliptin + metformin (SPC), patients 
in this study received combinations of  metformin with 
sulfonylurea (n = 370), with glitazones (n = 123) or other 
DPP-4 inhibitors (n = 99).

Efficacy
The efficacy of  vildagliptin add-on to metformin, vilda-
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3834
included into statistical 

analysis

3881
enrolled and 
documented

2198
Vildagliptin + 

Metformin 
(SPC)

847
Other
OADs

603
Vildagliptin 

add-on 
Metformin

186
not 

assigned

47 withdrawn
   32 lost to follow-up
   11 no informed consent
   8 non-compliance with protocol
   4 refusal of source data verification 

Figure 1  Study flow chart. Patient flow throughout the study. In total 3881 
patients fulfilled the in- and exclusion criteria and were enrolled into the study. 
3834 patients completed the study and were included into the statistical analy-
sis. OADs: Oral antidiabetic drugs; SPC: Single pill combination.
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gliptin + metformin (SPC) and other antidiabetic drugs 
was assessed by changes in HbA1c and FPG. 

HbA1c values significantly decreased in all 3 treatment 
cohorts after 3 and 6 mo of  treatment [mean ± SE after 
6 mo: vildagliptin add-on to metformin -0.9% ± 0.04%; 
vildagliptin + metformin (SPC): -0.9% ± 0.03%; other 
OAD -0.6% ± 0.04% (Figure 2A)]. Using a Kruskal-Wallis 
test, pairwise cohort comparisons showed statistically sig-
nificant differences comparing vildagliptin add-on to met-
formin and vildagliptin + metformin (SPC) to the other 
OADs cohort both at 3 mo and at 6 mo (all P < 0.0001). 

FPG concentrations decreased significantly in all 3 co-
horts after 3 and 6 mo of  treatment compared to baseline 
[mean ± SE after 6 mo: vildagliptin add-on to metformin: 
‑291 mg/L ± 18.3 mg/L; vildagliptin +metformin (SPC): 
-305 mg/L ± 9.6 mg/L; other OADs: -209 mg/L ± 14.0 
mg/L (Figure 2B)]. Patients receiving vildagliptin add-on 
to metformin and vildagliptin + metformin (SPC) showed 
a significantly greater reduction in FPG both after 3 and 
6 mo than patients receiving another dual combination 
therapy with OADs (all P < 0.0001). 

The absolute changes in HbA1c between baseline 
at 6 mo were more pronounced for vildagliptin add-on 
to metformin and vildagliptin + metformin (SPC) than 

for the other OADs (Figure 2C). A Kruskal-Wallis test 
showed that the differences between vildagliptin add-on 
to metformin and metformin in combination with the 
respective other substance were statistically significant at 
6 mo (sulfonylureas: P < 0.0001; glitazone: P < 0.0001; 
other incretin-based therapies: P = 0.0327; and other sub-
stances: P = 0.0020). Similar differences were observed 
for the comparison between vildagliptin + metformin 
(SPC) and metformin in combination with other sub-
stances (sulfonylureas: P < 0.0001; glitazone: P < 0.0001; 
other incretin-based therapies: P = 0.0046; and other 
substances: P < 0.0001). 

Decrease in FPG was more pronounced in the co-
horts treated with vildagliptin add-on to metformin 
and vildagliptin + metformin (SPC) compared to other 
OADs (Figure 2D). After 6 mo, statistically significant 
differences compared to metformin in combination with 
the respective other substances were seen for both vilda-
gliptin add-on to metformin (P: sulfonylureas: P < 0.0001; 
glitazone: P = 0.0219; other incretin-based therapies: P = 
0.0203; other: P = 0.0078; Kruskal-Wallis test) and vilda-
gliptin + metformin (SPC) (sulfonylureas; P < 0.0001; 
glitazone: P = 0.0054; other incretin-based therapies: P = 
0.0048; other: P = 0.0004; Kruskal-Wallis test). 
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Table 1  Baseline demographic and clinical characteristics 

Vildagliptin add-on to metformin Vildagliptin + metformin (SPC) Other OADs

n mean ± SD 
or n  (%)

n mean ± SD 
or n  (%)

n mean ± SD 
or n  (%)

Sex
   Male 338 (56.1) 1247 (56.7) 436 (51.5)
   Female 263 (43.6)   938 (42.7) 404 (47.7)
Age (yr)
   Total 578   63.0 ± 11.1 2115   62.4 ± 10.6 819   63.2 ± 11.0
   Male 324   62.1 ± 10.8 1200   61.4 ± 10.2 422   62.5 ± 11.0
   Female 252   64.1 ± 11.5   902   63.7 ± 11.0 392   64.0 ± 11.0
Weight (kg)
   Total 601   89.3 ± 16.8 2183   90.6 ± 17.5 836   87.9 ± 16.5
   Male 337   93.7 ± 16.3 1239   95.1 ± 17.0 432   92.3 ± 15.6
   Female 262   83.7 ± 15.7   931   84.6 ± 16.3 397   83.0 ± 16.0
BMI (kg/m²)
   Total 601 30.6 ± 5.3 2181 31.1 ± 5.5 836 30.3 ± 5.2
   Male 337 30.4 ± 5.0 1239 30.7 ± 5.1 432 29.8 ± 4.7
   Female 262 30.9 ± 5.6   929 31.6 ± 6.0 397 30.8 ± 5.6
Underweight/normal weight (BMI < 25)   70 (11.6) 174 (8.0)   90 (10.8)
Overweight/obese (BMI ≥ 25) 531 (88.4) 2007 (92.0) 746 (89.2)
Mean (Median) duration of type Ⅱ 
diabetes mellitus (yr)

556   6.2 ± 5.3
(median: 5.0)

2010   6.2 ± 5.1
(median: 5.0)

588   5.9 ± 5.2
(median: 4.5)

   < 1   78 (14.0)   235 (11.7)   93 (15.8)
   ≥ 1 and < 5 197 (35.4)   771 (38.4) 215 (36.6)
   ≥ 5 281 (50.5) 1004 (50.0) 280 (47.6)
HbA1c (%) 597   7.8 ± 1.2 2186   7.9 ± 1.3 832   7.6 ± 1.2
   < 6.5 43 (7.2) 150 (6.9)   91 (10.9)
   ≥ 6.5 and < 7.5 222 (37.2)   747 (34.2) 357 (42.9)
   ≥ 7.5 and < 10 300 (50.3) 1119 (51.2) 353 (42.4)
   ≥ 10 32 (5.4) 167 (7.6) 31 (3.7)
Fasting plasma glucose (mg/dL) 560 158.6 ± 47.2 2091 160.4 ± 49.0 797 151.3 ± 46.5
Serum creatinine (μmol/L) 552   82.4 ± 21.4 2053   82.2 ± 19.0 769   84.4 ± 22.8

The number of patients (n) given in this table constitutes the number of patients who had data available for the respective parameters and thus differ from 
the number of patients in the cohorts given in Figure 1. BMI: Body mass index; HbA1c: Glycosylated hemoglobin; OADs: Oral antidiabetic drugs; SPC: 
Single pill combination. 
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In a subgroup analysis of  patients with an HbA1c 
≥ 6.5% at baseline, we found that in the vilda-
gliptin add-on to metformin cohort 57.7% and in the 
vildagliptin+metformin (SPC) cohort 61.1% had an im-

provement at the last control visit, while only 45.3% of  
the patients in the other antidiabetics drugs cohort had 
an improvement at this time (Table 3). A total of  25.3% 
in the vildagliptin add-on to metformin cohort, 23.5% 
in the vildagliptin + metformin (SPC) and 19.8% in the 
other OAD cohort even reached an HbA1c of  < 6.5% at 
the last control visit. 

In elderly patients (≥ 65 years), both HbA1c and FPG 
decreased compared to baseline in all three treatment co-
horts. For HbA1c, absolute differences between last con-
trol and baseline were greater in the vildagliptin add-on to 
metformin (‑0.7% ± 0.06%) and the vildagliptin + metfor-
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Figure 2  Difference in HbA1c and fasting plasma glucose after 3 and 6 mo of treatment. A: Changes in HbA1c in the vildagliptin add-on to metformin groups and 
combined other oral antidiabetic drugs (OADs); B: Changes in fasting plasma glucose (FPG) in the vildagliptin add-on to metformin groups and other OADs; C: Difference 
in HbA1c during treatment-vildagliptin add-on to metformin, vildagliptin + metformin [single-pill combination (SPC)] and other antidiabetics (individual substance classes); 
D: Difference in FPG during treatment-vildagliptin add-on to metformin, vildagliptin + metformin (SPC) and other antidiabetics (individual substance classes). 1Statistically 
significant difference to vildagliptin add-on to metformin at 6 mo; 2Statistically significant difference to vildagliptin + metformin (SPC) at 6 mo. IBTs: Incretin-based therapies.

Table 2  Oral antidiabetic therapy

Type of therapy n  (%)

Total number of patients 3648
Metformin + vildagliptin   603 (16.5)
Metformin + vildagliptin (SPC) 2198 (60.3)
Metformin + sulfonylureas   370 (10.1)
Glibenclamide/metformin   96 (2.6)
Glimepiride/metformin 241 (6.6)
Gliquidone/metformin        1 (< 0.1)
Nateglinide/metformin     2 (0.1)
Repaglinide/metformin   30 (0.8)
Metformin + glitazones 123 (3.4)
Pioglitazone/metformin   99 (2.7)
Rosiglitazone/metformin   24 (0.7)
Metformin + other DPP-4 inhibitors   99 (2.7)
Saxagliptin/metformin     7 (0.2)
Sitagliptin/metformin   92 (2.5)
Other1 255 (7.0)

1The group “other” also included patients for whom data were document-
ed in this observational study without the physician recording information 
on the medication given and patients for whom the physician recorded 
only one medication although only patients receiving dual therapy were 
to be documented in this study. SPC: Single pill combination; DPP-4: Di-
peptidyl peptidase-4.

Table 3  Change in HbA1c in patients with an HbA1c-value 
of ≥ 6.5% at initial visit  n  (%)

Changes Vildagliptin 
add-on to 
metformin 

Vildagliptin 
+ metformin 

(SPC)

Other OADs

Patients with an HbA1c-
value of ≥ 6.5% at 
initial visit

n = 553 n = 2033 n = 741

Patients with improvement 
in HbA1c at the last control 
visit compared to baseline

319 (57.7) 1242 (61.1) 336 (45.3)

Of these, patients with 
HbA1c value of < 6.5% 
at the last control visit

140 (25.3)   477 (23.5) 147 (19.8)

OADs: Oral antidiabetic drugs; SPC: Single pill combination.
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min (SPC) cohort (‑0.8% ± 0.04%) than for other antidia-
betic drugs (‑0.5% ± 0.04%) in elderly patients. Similarly, 
the absolute changes in FPG (mean ± SE) were also great-
er in the vildagliptin add-on to metformin (‑274 mg/L  
± 26.5 mg/L) and the vildagliptin + metformin (SPC) co-
hort (‑268 mg/L ± 14.3 mg/L) than in the other antidia-
betics cohort (‑157 mg/L ± 21.6 mg/L). SAEs and AEs 
did not differ from the younger population. There was 
only one reported mild hypoglycemic event in the vilda-
gliptin/metformin SPC cohort. 

Moderate decreases in body weight (absolute differ-
ence between last control and baseline: mean ± SE) were 
observed for patients in all cohorts [vildagliptin add-on to 
metformin: ‑1.4 kg ± 0.17 kg; median: -1.0 kg; vildagliptin 
+ metformin (SPC): ‑1.7 kg ± 0.09 kg; median: ‑1.0 kg; 
other OADs: ‑0.8 kg ± 0.13 kg; median: 0.0 kg]. There was 
no difference in body weight fluctuations between younger 
and older patients across all cohorts.

Safety and tolerability
A total of  50 patients (8.3%) in the vildagliptin add-on to 
metformin cohort reported 77 AEs, 209 patients (9.5%) 
in the vildagliptin + metformin (SPC) cohort experienced 
336 AEs and 67 patients (7.9%) in the other antidiabetics 
cohort experienced 77 AEs. For the comparison of  AE 
incidence between the 3 cohorts a χ2 test was performed: 
there was no statistically significant difference between 
the 3 cohorts (P: 0.3185) (Table 4). Only 3 cases of  hy-
poglycemic events were reported: “hypoglycemia” in one 
patient in the vildagliptin + metformin (SPC) cohort and 
“blood glucose decreased” for one patient in the vilda-
gliptin + metformin (SPC) cohort and one patient in the 
other antidiabetics cohort.

To assess hepatic safety of  the treatments, we ex-
amined the time courses of  specified liver laboratory 

parameters (total bilirubin, ALT, AST) and evaluated the 
reported hepatic AEs and SAEs. For total bilirubin, ALT, 
and AST no relevant changes during the study were seen. 
However, laboratory values were missing for a consider-
able percentage of  patients (ranging from about 35% of  
patients to about 70% of  patients depending on cohort 
and laboratory value). A total of  129 of  3834 patients 
(3.4%) discontinued therapy: 31 of  603 patients (5.1%) in 
the vildagliptin add-on to metformin cohort, 73 of  2198 
patients (3.3%) in the vildagliptin + metformin (SPC) co-
hort and 21 of  847 patients in the other oral antidiabetics 
cohort (2.5%). In the vildagliptin add-on to metformin 
and vildagliptin + metformin (SPC) cohort, the most fre-
quent reason for discontinuation was inadequate blood 
sugar control (45.2% and 34.2% of  patients, respectively), 
followed by change of  therapy in the vildagliptin add-
on to metformin cohort (38.7% of  patients) and by AE 
in the vildagliptin + metformin (SPC) cohort (31.5%). 
In the other OADs cohort, the most frequent reason for 
discontinuation was change of  therapy (57.1% of  pa-
tients) followed by inadequate blood sugar control (38.1% 
of  patients). 

During the observation period, 4 patients died: 1 
patient in the vildagliptin add-on to metformin cohort 
(event: lung neoplasm malignant; not related to treat-
ment) and 3 patients in the vildagliptin + metformin 
(SPC) cohort (events: convulsion and brain neoplasm, 
not related to treatment; cardiac failure, bile duct cancer 
and cardiac arrest, not related to treatment; and death, 
relationship to treatment not assessable). 

When performing an additional analysis by age (pa-
tients younger than 65 years vs patients aged 65 years and 
older), there was no relevant difference in the most com-
mon AEs between the two age groups and the AE profile 
was similar to that of  the overall population.
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Table 4  Summary of adverse events  n  (%)

Events

Vildagliptin add-on 
to metformin 

Vildagliptin + 
metformin (SPC)

Other OADs

Total adverse events   77 (100.0)   336 (100.0)   77 (100.0)
Adverse events with suspected causal relationship1 34 (44.2) 151 (44.9) 31 (40.3)
Serious adverse events 20 (26.0) 118 (35.1) 16 (20.8)
Serious adverse events with suspected causal relationship1 1 (1.3) 22 (6.5) 6 (7.8)
Most common adverse events (preferred terms)
Glycosylated haemoglobin increased 18 (23.4) 102 (30.4) 26 (33.8)
Blood glucose increased 11 (14.3)   34 (10.1) 6 (7.8)
Blood pressure increased 5 (6.5) 16 (4.8)   9 (11.7)
Blood pressure systolic increased 5 (6.5) 16 (4.8) 7 (9.1)
Treatment noncompliance 4 (5.2) 18 (5.4) 1 (1.3)
Hypertension 3 (3.9) 13 (3.9) 7 (9.1)
Selected hepatic adverse events (preferred terms)
Transaminases increased 0 (0.0)   2 (0.6) 1 (1.3)
Alanine aminotransferase increased 0 (0.0)   1 (0.3) 0 (0.0)
Aspartate aminotransferase increased 1 (1.3)   1 (0.3) 0 (0.0)

1Following a conservative approach, in addition to events with definite, likely and possible causal relationship all events with missing 
causality assessments or causality indicated as “not assessable” were also classified as events with suspected causal relationship. OADs: 
Oral antidiabetic drugs; SPC: Single pill combination.
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DISCUSSION
The present study was conducted to provide real-life data 
regarding the safety and efficacy of  vildagliptin com-
pared to other OADs in combination with metformin in 
the treatment of  T2DM. Vildagliptin in a free or fixed 
combination with metformin decreased HbA1c and 
FPG concentrations to a greater extent than other OAD-
metformin combinations after 3 and 6 mo of  therapy 
without increasing any AEs or safety parameters. The 
results support previous observations from randomized 
clinical trials (RCTs) and provide important information 
about the use of  vildagliptin and other antidiabetic agents 
in clinical practice. 

About 3881 patients with T2DM were enrolled into 
this study, without triaging the patients by other inclusion 
and exclusion criteria, thus reflecting a heterogeneous 
patient population as observed in routine clinical practice. 
The observed reductions in HbA1c and FPG with vilda-
gliptine are comparable with data from RCTs[7] and sup-
port previous evidence that vildagliptin is effective and 
well-tolerated in combination with metformin in T2DM 
patients. 

The decrease in HbA1c at 6 mo compared to baseline 
(-0.9% ± 0.03%) was slightly less in magnitude than that 
reported from a large randomized, double-blind, active-
controlled study (-1.1% ± 0.1%) employing similar doses 
of  vildagliptin and metformin[8]. Apart from the different 
study design, patients in this RCT had higher baseline 
HbA1c values (8.4% ± 1.0%) than patients in the pres-
ent study population [vildagliptin + metformin: 7.8% ± 
1.2%; vildagliptin + metformin (SPC): 7.9% ± 1.3%]. 
Also, treatment compliance is maximized in clinical trials, 
since patients have to follow strict treatment protocols 
with frequent follow-up visits and additional patient sup-
port[17,18] providing another explanation for lower efficacy 
outcomes between RCTs and observational studies. Also, 
the observed superior reduction in HbA1c and FPG with 
vildagliptin when compared to other oral antidiabetic 
agents is in agreement with recently published observa-
tional and clinical data[7,19]. 

The overall safety and tolerability of  vildagliptin and 
the other antidiabetic agents was assessed by AE monitor-
ing and specific laboratory parameters. Especially hepatic 
safety has been an area of  concern in DDP4-inhibitors[11]. 
To assess hepatic safety in the present study, the time 
course of  specified liver laboratory parameters was exam-
ined (total bilirubin, ALT, AST). No relevant differences 
in hepatic safety parameters were observed during the 
study. However, a limitation is that laboratory values were 
not available for a considerable percentage of  patients 
due to the non-interventional nature of  this study.

The present safety data are consistent with the results 
from a meta-analysis of  phase Ⅱ and Ⅲ clinical studies 
which indicated that vildagliptin was not associated with 
increased risk of  hepatic events or hepatic enzyme eleva-
tions indicative of  drug-induced liver injury[10]. Similar re-
sults were also seen in a pooled analysis of  clinical trials[20].

Hypoglycemia is often the limiting factor in the gly-
cemic management of  diabetes. Reported rates of  severe 
hypoglycemic events in clinical studies vary between 
0.4% (ADVANCE)[21] and 3.1% per year (ACCORD)[22]. 
In UKPDS the rates of  hypoglycemic episodes per year 
varied between 0.7% and 2.0% for major hypoglycemic 
episodes and between 7.9% and 25.5% for any hypoglyce-
mic episode with the highest incidence in patients treated 
with sulfonylureas and insulin[23]. Especially in patients 
who receive sulfonylureas, the incidence of  hypoglycemic 
events increases significantly when compared to incretin-
based therapies[24]. Hypoglycemia can be considered a 
serious patient safety event with severe health complica-
tions, including dizziness, disorientation, slurred speech, 
convulsions, and death[25,26]. Unfortunately, the reporting 
rate of  hypoglycemic events in clinical practice appears 
to be a major problem[27-29]. In the present observational 
study with 3834 analyzed patients only 3 hypoglycemic 
events were reported. Since 10.1% of  the patients in this 
study received sulfonylureas (Table 2), the occurrence of  
a higher number of  hypoglycemic events should have 
been expected in this study. A potential reason for this 
may be that many patients in routine practice are unaware 
of  symptoms of  hypoglycemia. Especially older patients 
over 65 years of  age do not fully recognize the symptoms 
of  hypoglycemia[27], an age group that displays 42% of  
the current study population. Also, recent data suggest 
that despite the risks of  untreated hypoglycemia, nearly a 
third of  patients with T2DM acknowledge that they do 
not routinely discuss the condition with their physician[29]. 
The high risk of  hypoglycemia in T2DM patients and the 
low awareness of  such events requires anti hyperglycemic 
treatments with a low risk of  hypoglycemic events. There-
fore, the selection of  antidiabetic agents by physicians 
should consider also other factors beside blood sugar 
lowering such as weight gain as well as the potential to in-
duce severe or frequent hypoglycemic events-especially in 
patients at a high risk, such as elderly or renally impaired 
patients[30].

In general, the majority of  the evidence on the ef-
ficacy and safety of  antidiabetic therapies stems from 
RCTs, which are generally recognized as “gold standard” 
for data evaluation. RCTs are fundamentally important in 
establishing the efficacy of  new agents under optimal con-
trolled conditions in carefully selected patients; however 
they are less informative in determining the effectiveness 
of  a therapy under real-life conditions[31,32]. Since RCTs do 
not include many practical treatment issues encountered 
by the clinician in daily practice and the selected partici-
pants may not be representative for patients seen in the 
real-world clinical environment[31], the results may have 
limited applicability to patients in everyday reality of  dia-
betes management. However, these limitations of  RCTs 
are often ignored[14]. Therefore, observational studies can 
serve as an important addition to the clinician’s resources 
by complementing RCT data with information on treat-
ment safety, efficacy, and treatment compliance in patients 
under real-life conditions[31,32]. Especially the larger sample 
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size, the broad representation of  many heterogeneous 
patients and the detection of  rare or late adverse effects 
represent advantages of  observational studies[14,15]. 

In summary, the data from the current observational 
study show that vildagliptin in combination with met-
formin is a safe and effective antidiabetic treatment for 
T2DM patients. 

As other studies, also observational studies have inher-
ent limitations[32]. First, observational studies have the risk 
of  main selection bias. There were no strictly defined in- 
and exclusion criteria beside the contraindications men-
tioned in the SmPC of  the respective medications. There-
fore, confounding variables such as co-morbid diseases, 
treatment compliance and lifestyle interventions could 
affect the results. Also, subjects in the OAD cohort may 
have used varying doses of  their oral antidiabetic agents 
which could affect treatment efficacy. Treatment compli-
ance could have also been a variable between the different 
cohorts with impact on efficacy, whereas treatment com-
pliance is maximized in clinical trials, since patients have 
to follow strict treatment protocols. However, it could be 
assumed that this compliance issue was similar among the 
study cohort. Furthermore, the low reporting rate of  hy-
poglycemic events in this observational trial could be im-
proved by better patient education, to make patients aware 
of  the potential implications of  hypoglycemic events. 
Another often discussed weakness of  an observational 
study and in fact of  every non-randomized study is that 
there may be a selection bias because the treating physi-
cian chooses which patients will be treated with which 
medication. A major strength of  the PROVIL study is the 
determination of  safety and efficacy parameters in T2DM 
patients under real-life conditions. Therapy was adminis-
tered in routine practice and in accordance with the Ger-
man SmPC. This allowed us to collect data in a real-life 
situation which provides information on typical patient 
characteristics and current treatment approaches and to 
obtain information on what is achieved in daily medical 
practice in the management of  diabetes[14,15]. 

In conclusion, the present data suggest that vilda-
gliptin in combination with metformin is a safe and effec-
tive antidiabetic treatment in daily medical practice by sig-
nificantly reducing HbA1c and FPG without an increased 
incidence of  AEs. 

ACKNOWLEDGMENTS
The authors acknowledge the cooperation of  the patients, 
investigators and staff  at all participating sites for this 
study. They wish to thank Franziska Pirkl, PhD, who pro-
vided medical writing services on behalf  of  Kantar Health 
GmbH.

COMMENTS
Background
Type 2 diabetes mellitus (T2DM) is one of the most common diseases world-
wide and will be one of the most challenging health problems in the 21st centu-

ry. In previous clinical trials it was shown that the dipeptidyl peptidase-4 (DPP-4) 
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