
Introduction

The incretin hormones ± glucose−dependent insulinotropic poly−
peptide (GIP) and particularly glucagon−like peptide−1 (GLP−1) ±
have been reported to exert multiple metabolic effects that con−
tribute to the regulation of glucose levels in vivo [1± 3]. Strate−
gies to enhance the activity of these incretin hormones are there−
fore of considerable interest as potential treatments for diabetes
[4, 5]. Native GLP−1 is rapidly degraded by an enzyme known as
dipeptidyl peptidase IV (DPP−4) [6,7] and must be administered
parenterally, limiting its utility as a therapeutic agent. GLP−1
agonists such as exenatide that are resistant to degradation by
DPP−4 have a longer half−life [5, 7, 8]. However, as peptides, these

drugs must still be administered by injection. An alternative ap−
proach to enhancing incretin activity is to prevent the inactiva−
tion of endogenously secreted incretins by inhibiting DPP−4 [5].
Several members of this new class of drugs, referred to as incre−
tin enhancers, are in late−stage development for the treatment of
type 2 diabetes.

Vildagliptin is a potent and specific inhibitor of DPP−4 [9] that in−
creases active levels of endogenous GLP−1 and GIP [10]. It also
enhances glucose−dependent insulin secretion by the pancreatic
beta cell and suppresses inappropriately elevated glucagon se−
cretion by the alpha cell [10± 12]. Applied as a monotherapy, vil−
dagliptin lowers mean 24 h glucose levels in subjects with type 2
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Abstract

Inhibition of dipeptidyl peptidase−4 enhances the activity of in−
cretin hormones, improving glycemic control in subjects with
type 2 diabetes. This twelve−week randomized, double−masked,
placebo−controlled study assessed the efficacy and tolerability of
the specific and potent oral dipeptidyl peptidase−4 inhibitor, vil−
dagliptin (25 mg, bid, n = 70) vs. placebo (bid, n = 28) in previous−
ly diet−treated subjects with type 2 diabetes. Standardized meal
tests were performed at baseline and endpoint. The between−
group difference in adjusted mean change in HbA1c from baseline
to endpoint was ± 0.6 � 0.2 % (p = 0.0012) for the whole cohort
(baseline 8.0%) and ± 1.2% for subjects with baseline HbA1c 8.0±
9.5 %. Fasting glucose and mean prandial glucose were reduced
by 1.1 � 0.4 (p = 0.0043) and 1.9 � 0.5 mmol/l (p < 0.0001), respec−

tively. The between−group differences in corrected insulin re−
sponse at peak glucose and mean prandial C−peptide were
+ 0.06 � 0.02 (p = 0.0258) and + 0.10 � 0.03 nmol/l (p = 0.0031),
respectively. Vildagliptin had no effect on fasting lipid levels or
body weight. The incidence of adverse events was similar in sub−
jects receiving placebo (71.4%) and vildagliptin (55.7 %). Conclu−
sion: monotherapy with vildagliptin is well tolerated and im−
proves glycemic control in diet−treated subjects with type 2 dia−
betes. Concomitant improvements in b−cell function were also
observed. Subjects with higher baseline HbA1c levels showed
greater response.
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diabetes mellitus according to short−term studies [12] and has
been shown to have a sustained effect on HbA1c in more long−
term studies when used in combination with metformin [13].
However, its effect on HbA1c as a monotherapy has not yet been
established. Accordingly, the aim of the present twelve−week
study was to examine the efficacy and tolerability of vildagliptin
(25 mg, bid) in diet−treated subjects with type 2 diabetes.

Subjects and Methods

Study design and subject characteristics
This was a randomized, double−masked, multicenter trial to
compare the effects of twelve−week treatment with vildagliptin
(25 mg, bid) and placebo (bid) in male and non−fertile female
subjects. The study was conducted in fifteen centers in South
America and Mexico. Subjects were aged at least 30 years and
had a BMI between 20 and 40 kg/m2 inclusive, type 2 diabetes
that had been treated with diet only for at least eight weeks prior
to enrolment, and agreed to maintain prior diet and exercise hab−
its for the duration of the study.

Subjects with a history of type 1 or secondary forms of diabetes,
significant diabetic complications, clinically significant cardio−
vascular abnormalities, liver disease, acromegaly, asthma, major
gastrointestinal surgery, or major skin allergies were excluded
from the study. Subjects with fasting triglyceride levels above
4.5 mmol/l were excluded, as were those treated with corticos−
teroids or sodium channel blockers within the previous three
months, or any investigational drug within the previous four
weeks. Subjects receiving treatment with warfarin or dicoumar−
in derivatives or digoxin were also excluded; subjects receiving
thyroid hormone replacement could only be included if the
dose had remained stable for at least three months prior to entry.

A four−week placebo run−in period preceded randomization dur−
ing which the following inclusion/exclusion criteria were assess−
ed. The mean (week ± 4 and week ± 2) HbA1c was to lie between
6.8 and 11.0 %. Subjects were excluded if fasting plasma glucose
(FPG) was less than 6.1 mmol/l or more than 15 mmol/l at week
± 4 or week ± 2, if ALT, AST or alkaline phosphatase was more
than twice the upper limit of normal (ULN), bilirubin was more
than 1.3 times the ULN, hematocrit was less than 37% or serum
creatinine was more than 220 �mol/l, or if TSH was abnormal.
Any clinically significant laboratory abnormalities or physical
exam findings precluded randomization, as did any change of
body weight of more than 5 % between week ± 4 and week 0.

At week 0, subjects were randomized to receive vildagliptin
(25 mg, bid) or placebo (bid) during the twelve−week treatment
period in a ratio of 2 :1. Fasting plasma levels of glucose and li−
pids were measured at weeks 1, 2, 4, 8, and 12. HbA1c was meas−
ured at weeks 4, 8 and 12, and a standard meal challenge was
performed at week 0 and week 12 (or endpoint). Standard bio−
chemistry and hematology assessments were performed at every
visit and urinalysis at weeks 4, 8, and 12. During the double−
masked treatment period, vildagliptin or placebo was to be taken
30 minutes before breakfast and dinner.

For the meal challenge, subjects were fasted overnight and the
study drug was administered 30 minutes prior to consumption
of a standard 500 kcal breakfast meal that provided 62 %, 31%,
and 7 % of calories from carbohydrate, fat, and protein, respec−
tively. The meal was to be consumed within 15 minutes and
blood samples for determination of glucose, insulin and C−pep−
tide were obtained at 35 and 5 minutes before and at 5, 10, 15,
30, 60, 90, 120, 180, and 240 minutes after the start of the meal
(designated Time 0).

All samples were analyzed at a central laboratory (Medical Re−
search Laboratories International, Highland Heights, KY) using
standardized procedures. Insulin was measured by chemilumi−
nescence, C−peptide was measured by radioimmunoassay, glu−
cose was measured using a hexokinase technique, and HbA1c

was measured using ion exchange high−performance liquid chro−
matography (HPLC). The normal range for this HbA1c assay was
4.0 to 6.0%.

All adverse events (AEs) were recorded and assessed as to their
severity and possible relationship to study medication. Subjects
were provided with glucose monitoring devices and supplies and
instructed on their use. An episode of hypoglycemia was defined
as symptoms consistent with hypoglycemia accompanied by a
glucose measurement less than or equal to 3.1 mmol/l.

Statistical analysis
The primary efficacy variable was the change from baseline
(average of week ± 2 and week 0) in HbA1c at the end of study in
the intent−to−treat (ITT) population with the last observation car−
ried forward (LOCF). Secondary endpoints were change from
baseline to endpoint in FPG, fasting insulin, fasting lipids, body
weight and several parameters derived from data obtained dur−
ing the standard meal challenge. These included four−hour mean
insulin, glucose, and C−peptide (AUC/time) and the following in−
dices calculated using standard formulae: HOMA−B and HOMA−R
[14], insulin response corrected for peak glucose (CIR[GluPeak]) [15]
and thirty−minute insulinogenic index as well as insulin sensitiv−
ity index (ISI) [16].

Data were analyzed using an ANCOVA model including terms for
treatment, baseline value, pooled center, and treatment by base−
line interaction. Analyses were carried out using two−sided tests
and a significance level of 0.05. Comparability of baseline charac−
teristics was assessed by the Cochran−Mantel−Haenszel test for
qualitative variables and t−test for quantitative variables.

Ethics and good clinical practice
Written informed consent was obtained from all participants.
The protocol was approved by the Institutional Review Board/In−
dependent Ethics Committee at each site. The study was con−
ducted with Good Clinical Practice in accordance with the De−
claration of Helsinki.

Results

Sixty−five of the 72 subjects randomized to vildagliptin (90.3%)
and 26 of the 28 subjects randomized to placebo (92.9 %) com−
pleted the study. Of the subjects randomized to vildagliptin, two
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left the study for each of the following reasons: adverse event
(one reported as palpitations, one reported as gastritis), unsatis−
factory therapeutic effect and withdrawal of consent; one sub−
ject was later excluded due to a protocol violation. Of the sub−
jects randomized to placebo, one withdrew consent and one did
not complete the study due to administrative problems. Table 1
reports the baseline demographic and metabolic characteristics
of the ITT population. There was a higher percentage of females
in the active treatment group than in the placebo group, and the
mean age of subjects randomized to vildagliptin was somewhat
higher than that of subjects randomized to placebo.

Fig.1 shows the time−course of HbA1c (Panel a) and fasting
plasma glucose (FPG, Panel b) during twelve−week treatment
with vildagliptin or placebo, and shows that HbA1c decreased
steadily in subjects receiving vildagliptin, but remained
unchanged over twelve weeks in placebo−treated subjects. The
adjusted mean change in HbA1c from baseline (8.0 %) to endpoint
was ± 0.6 � 0.1 % in subjects receiving vildagliptin and 0.0 � 0.2%
in subjects receiving placebo (between−group difference: ± 0.6
� 0.2 %, p = 0.0012). As illustrated in Fig.1 b, FPG also decreased
steadily in subjects receiving vildagliptin (adjusted mean D FPG
from baseline to endpoint = ± 0.9 � 0.2 mmol/l) but showed no
relevant change in placebo−treated subjects (adjusted mean D
FPG = + 0.2 � 0.3 mmol/l). The between−group difference was
± 1.1 � 0.4 mmol/l (p = 0.0043).

A pre−specified subgroup analysis was performed to examine the
effect of baseline HbA1c on the clinical response. As shown in
Fig. 2, in vildagliptin−treated subjects with a higher baseline
HbA1c (8.0 % < HbA1c £ 9.5 %, mean: 8.5 %); mean D HbA1c (± 1.0
� 0.2 %) was twice that in vildagliptin−treated subjects with a
lower baseline HbA1c (7.0 % £HbA1c £ 8.0 %, mean = 7.5 %, D= ± 0.5
� 0.1 %). HbA1c increased modestly and to a similar degree in pla−
cebo−treated subjects with lower baseline (+ 0.1 � 0.3%) and
higher baseline (+ 0.2 � 0.2 %), thus the between−group difference
was greater in subjects with higher baseline HbA1c (± 1.2 %) vs.
lower baseline HbA1c (± 0.7 %).

Fig. 3 depicts the glucose and insulin profiles during standard
meal tests performed at baseline and endpoint in subjects ran−
domized to receive vildagliptin (Panels a and b) or placebo (Pa−
nels c and d). As illustrated in Fig. 3 a, vildagliptin decreased
post−meal glucose levels throughout the meal test. The adjusted
mean change from baseline to endpoint 4 h mean prandial glu−
cose was ± 1.7 � 0.3 mmol/l in vildagliptin−treated subjects. In

Fig. 1 Mean � SE HbA1c (Panel a) and fasting plasma glucose (FPG,
Panel b) in the ITT population. Open circles, placebo; closed triangles,
vildagliptin.

Fig. 2 Mean � SE change in HbA1c from baseline to week 12 or end−
point in subgroups of subjects with low (³ 7.0 %, £ 8.0 %) and high
(³ 8.0 %, £ 9.5 %) baseline HbA1c together with the between−group dif−
ference. Number of subjects in each subgroup is indicated within the
bars.

Table 1 Baseline characteristics of the intent−to−treat (ITT) popula−
tion

Variable Vildagliptin 25 mg bid
(n = 70)

Placebo bid
(n = 28)

Age (y) 56.9 � 9.4 52.8 � 10.0

Sex n (%)
Male
Female

28 (40.0)
42 (60.0)

14 (50.0)
14 (50.0)

Race n (%)
Black
Caucasian
Oriental
Other

2 (2.9)
33 (47.1)

1 (1.4)
34 (48.6)

0
13 (46.4)

0
15 (53.6)

Mean � SD

BMI (kg/m2) 30.0 � 4.5 29.9 � 4.1

Duration of diabetes (y) 4.6 � 5.6 3.5 � 5.7

HbA1c (%) 8.0 � 0.9 8.1 � 1.2

FPG (mmol/l) 9.4 � 1.8 10.1 � 3.2

Pratley RE et al. Monotherapy with Vildagliptin ´ Horm Metab Res 2006; 38: 423 ± 428

O
rig

in
alClin

ical

425



contrast, in placebo−treated subjects glucose levels during meal
tests tended to be higher at endpoint than at baseline (adjusted
mean change from baseline to endpoint in 4 h mean prandial
glucose = + 0.2 � 0.4 mmol/l. The between−group difference was
± 1.9 � 0.5 mmol/l (p < 0.0001). As shown in Fig. 3 b und d, al−
though prandial insulin levels tended to be higher at endpoint
than at baseline in vildagliptin−treated subjects, they also tended
to be higher at endpoint than at baseline in placebo−treated sub−
jects. Thus, there was no significant difference between groups in
prandial insulin levels.

Indices of insulin secretion and action were calculated from data
obtained during the standard meal tests and are reported in Ta−
ble 2. Of these six parameters, only the 4 h mean C−peptide level,
glucose level and corrected insulin response at peak glucose
(CIR[GluPeak]) were significantly affected by vildagliptin.

There was no statistically significant effect of vildagliptin on any
lipid parameter. Similarly, the between−group difference in the
adjusted mean change from baseline to endpoint in body weight
(+ 0.5 � 0.5 kg) was not statistically significant.

Safety and tolerability
In general, vildagliptin appeared to be well−tolerated. A total of
39 of 70 subjects (55.7%) treated with vildagliptin experienced

at least one AE, whereas 20 of 28 placebo−treated subjects
(71.4 %) experienced one or more AEs. All reported AEs were clas−
sified by the investigator as being mild or moderate in severity,
with most of the events in either treatment group (~ 80% of the
events) classified as mild. Table 3 reports the number and per−
centage of subjects experiencing any specific AE that occurred
in at least 5 % of subjects in either group, and specifies the num−
ber and percentage of subjects experiencing one or more event
suspected by the investigator to be related to study drug. Dizzi−
ness, headache, increased blood pressure (classified as hyperten−
sion whether or not blood pressure exceeded diagnostic criteria),
and increased sweating were the most prevalent AEs in the sub−
jects receiving vildagliptin, and chest pain was the most preva−
lent AE reported by subjects receiving placebo. In fewer than 5 %
of subjects experiencing any specific AE, the event was suspected
to be related to the study drug. One episode of hypoglycemia
(plasma glucose less than or equal to 3.1 mmol/l) occurred in a
subject receiving vildagliptin; this was attributed to a delayed
meal. One vildagliptin−treated subject reported mild nausea and
one placebo−treated subject reported moderate nausea. There
were no serious AEs and no deaths during the double−masked
treatment period.

Fig. 3 Plasma glucose (Panels a, c) and insulin (Panels b, d) during standardized meal challenge performed at baseline (open symbols) and week
12 or endpoint (closed symbols) in subjects receiving vildagliptin (25 mg, bid, n = 70, triangles) or placebo (n = 28, circles). Mean � SE, ITT popu−
lation.
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Discussion

The present findings are the first to describe the efficacy of
monotherapy with the DPP−4 inhibitor vildagliptin on HbA1c in
subjects with type 2 diabetes. At a dose of 25 mg bid, vildagliptin
decreased HbA1c by 0.6% relative to placebo in the study popula−
tion as a whole after twelve weeks of treatment. The magnitude
of the reduction in HbA1c was dependent on the baseline level
with greater reductions (1.2 � 0.2 % vs. placebo) in a subset of
subjects with a high baseline HbA1c (8.0 % to 9.5 %, mean = 8.5 %),
indicating that vildagliptin retains its effectiveness over a wide
range of disease severity.

The changes in both FPG (± 1.1 mmol/l relative to placebo) and
mean prandial glucose level (± 1.9 mmol/l relative to placebo)
observed in the present study are similar to those reported in a
four−week study on monotherapy with a 100 mg qd dose
regimen in drug−naïve subjects with type 2 diabetes (± 0.7 and
± 1.5 mmol/l, respectively). Further, the between−group differ−
ence in HbA1c at week 4 in the current study (± 0.4 %) was similar
to that in the earlier study [12].

Our results are also similar to those of a twelve−week add−on
study on vildagliptin administered as 50 mg qd or placebo in pa−
tients treated with a stable dose of metformin [13]. In that study,
the change from baseline to week 12 (difference from placebo) of
HbA1c, FPG and mean post−meal glucose averaged ± 0.6 %, ± 1.2
mmol/l and ± 2.2 mmol/l, respectively. Thus with regard to dos−
ing regimen, 25 mg bid and 50 mg qd appeared to exert similar
effects. Further, the reduction in HbA1c after twelve weeks in the
add−on to metformin study was largely maintained after twelve
months, whereas HbA1c continued to increase during the study
extension in subjects maintaining a stable metformin dosage
without additional therapy. Since in our study the magnitude of
the decrease in HbA1c was similar in the first twelve weeks, it will
be interesting to see whether longer−term studies with vildaglip−
tin monotherapy confirm this apparent durability of effect.

Although the mechanisms by which vildagliptin improves glyce−
mic control were not directly addressed in the present study,
prior studies have demonstrated that vildagliptin potently inhib−
its DPP−4, increases active GLP−1 levels and suppresses glucagon
[12]. The observation that insulin levels were not significantly al−
tered by vildagliptin in a setting where glucose levels were re−
duced is consistent with enhanced beta cell function. The signif−
icant increases relative to placebo in 4 h mean post−meal C−pep−
tide levels and in the CIR[GluPeak] are also consistent with im−
proved beta cell function. Similar results were also seen in both
the four−week monotherapy study and the twelve−week add−on
to metformin study [12,13]. Improved beta cell function with vil−
dagliptin has also been demonstrated using mathematical mod−
els of beta cell function, both when used as a monotherapy [10]
and in combination with metformin [11]. Since improved glyce−
mic control per se may lead to improvements in insulin secretion,
a long−term, actively controlled study would be necessary to
demonstrate conclusively that vildagliptin enhances beta−cell
function. Nevertheless, the observation that improvements in in−
sulin secretion are sustained for up to fifty−two weeks in vilda−
gliptin−treated subjects support the hypothesis of a direct benefit
on beta cells [11].

In the present study, as in previous small studies with vildaglip−
tin [10,12,13] or another DPP−4 inhibitor [17], vildagliptin ap−
peared to be well−tolerated. The most common adverse events
in vildagliptin−treated subjects were mild or moderate, and few
were suspected to be drug−related. Suspected drug−related AEs
in subjects receiving vildagliptin were largely symptoms consis−

Table 2 Adjusted mean change from baseline to endpoint and between−group difference in indices of insulin secretiona and actionb

Vildagliptin Placebo Difference p−value
Mean � SEM n Mean � SEM n

aInsulinogenic Index 0.18 � 0.07 65 ± 0.06 � 0.11 25 0.24 � 0.13 0.0674
aCIR[GluPeak] 0.8 � 0.01 64 0.02 � 0.02 25 0.06 � 0.02 0.0258
a4 hmean insulin 44.1 � 12.4 64 27.8 � 19.2 25 16.3 � 22.4 0.4680
a4 hmean C−peptide 0.07 � 0.02 63 ± 0.03 � 0.03 24 0.10 � 0.03 0.0031
aHOMA−B 11.0 � 3.5 66 0.8 � 5.5 25 10.2 � 6.3 0.1127
bHOMA−R 0.02 � 0.41 66 0.27 � 0.65 25 ± 0.24 � 0.75 0.7469
bISI 0.15 � 0.33 64 ± 0.09 � 0.51 25 0.25 � 0.59 0.6794
b4 h mean glucose ± 1.7 � 0.25 63 0.20 � 0.38 26 ± 1.91 � 0.46 < 0.0001

Table 3 Adverse events occurring in at least 5 % of either treat−
ment group

Adverse Event Vildagliptin 25 mg bid
(n = 70)

Placebo (n = 28)

Any adverse event 39 (55.7) 20 (71.4)

Total
n (%)

Suspecteda

n (%)
Total n
(%)

Suspecteda

n (%)

Dizziness 6 (8.6) 2 (2.9) 0 0

Headache 5 (7.1) 1 (1.4) 1 (3.6) 0

Hypertension 4 (5.7) 0 1 (3.6) 0

Increased sweating 4 (5.7) 3 (4.3) 1 (3.6) 1 (3.6)

Abdominal pain 3 (4.3) 2 (2.9) 2 (7.1) 1 (3.6)

Anxiety 1 (1.4) 0 2 (7.1) 0

Chest pain 1 (1.4) 0 3 (10.7) 0

Dyslipidemia 1 (1.4) 0 2 (7.1) 0

Fatigue 0 0 2 (7.1) 0

a Number and percentage of subjects with a specific adverse event suspected
by investigator to be related to study drug.
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tent with low blood glucose, although only one episode of hypo−
glycemia occurred in a vildagliptin−treated subject, which was
thought to be precipitated by a delayed meal. Nausea occurred
in one subject randomized to vildagliptin (1.4%) and one place−
bo−treated subject (3.6 %). Although larger and longer trials with
both monotherapy and in combination with other oral antidia−
betic agents will be necessary to establish the safety and toler−
ability profile of vildagliptin, the present data suggest that nau−
sea/vomiting would not be a dose−limiting side effect of DPP−4
inhibition.

In summary, twelve−week monotherapy with the incretin−en−
hancer vildagliptin (25 mg, bid) reduced fasting and postprandial
glucose levels by 1.1 and 1.9 mmol/l relative to placebo, respec−
tively, and decreased HbA1c by 0.6 %. These findings are similar
to those with the same total daily dose administered once daily
in subjects who had not responded adequately to metformin. The
mean reduction in HbA1c was 1.2 % relative to placebo in subjects
with baseline HbA1c of more than 8.0 % but at most 9.5 %. In addi−
tion, data from a standard meal test indicated improved beta−cell
function. The incidence of any AE was higher in placebo−treated
subjects (71.4 %) than in vildagliptin−treated subjects (55.7 %),
most AEs were classified as mild and few adverse events were
suspected to be drug−related. We conclude that monotherapy
with the DPP−4 inhibitor vildagliptin is efficacious and well−tol−
erated in subjects with type 2 diabetes.

Acknowledgements

This study was supported by a grant from Novartis Pharmaceuti−
cals. The authors would like to thank Michele Ball for logistical
support, Sharon Shen for statistical support, and the following
investigators: Jose Z. Parra Carrillo, Antonio Chacra, Francisco Ja−
vier Flores, Lisandro Alberto García, Mauricio Norberto Jadzinsky,
Luis de Loredo, Jaime Carranza Madrigal, Wille Oigman, Alberto
Rubio, Carlos Aguilar Salinas, Rosa Santos, Gloria López Stewart,
CØsar Calvo Vargas, Guillermo Villarreal, and Jorge Norberto
Waitman.

References

1 Ahren B, Larsson H, Holst JJ. Effects of glucagon−like peptide−1 on islet
function and insulin sensitivity in noninsulin−dependent diabetes
mellitus. J Clin Endocrinol Metab 1997; 82: 473± 478

2 Vella A, Rizza RA. Extrapancreatic effects of GIP and GLP−1. Horm Me−
tab Res 2004; 36: 830± 836

3 Zander M, Madsbad S, Madsen JL, Holst JJ. Effect of 6−week course of
glucagon−like peptide 1 on glycaemic control, insulin sensitivity, and
b−cell function in type 2 diabetes: a parallel−group study. Lancet
2002; 359: 824± 830

4 Holst JJ, Orskov C. The incretin approach for diabetes treatment: mod−
ulation of islet hormone release by GLP−1 agonism. Diabetes 2004; 53
(suppl 3): S197± S204

5 Ahren B, Schmitz O. GLP−1 receptor agonists and DPP−4 inhibitors in
the treatment of type 2 diabetes. Horm Metab Res 2004; 36: 867±876

6 Mentlein R, Gallwitz B, Schmidt WE. Dipeptidyl−peptidase IV hydroly−
ses gastric inhibitory polypeptide, glucagon−like peptide−1(7 ±
36)amide, peptide histidine methionine and is responsible for their
degradation in human serum. Eur J Biochem 1993; 214: 829± 835

7 Nauck MA. Glucagon−like Peptide 1 (GLP−1) in the treatment of dia−
betes. Horm Metab Res 2004; 36: 852 ± 858

8 Amylin Pharmaceuticals, Inc. Byetta� (exenatide injection) [Prescrib−
ing Information]. San Diego: Amylin Pharmaceuticals, Inc., 2005

9 Villhauer EB, Brinkman JA, Naderi GB et al. 1−[[(3−hydroxy−1−adaman−
tyl)amino]acetyl]−2−cyano−(S)−pyrrolidine: a potent, selective, and
orally bioavailable dipeptidyl peptidase IV inhibitor with antihyper−
glycemic properties. J Med Chem 2003; 46: 2774 ± 2789

10 Mari A, Sallas WM, He YL et al. The dipeptidyl peptidase−IV inhibitor,
vildagliptin, improves model−assessed b−cell function in patients with
type 2 diabetes. J Clin Endocrinol Metab 2005; 90: 4888± 4894

11 Ahren B, Pacini G, Foley JE, Schweizer A. Improved meal−related b−cell
function and insulin sensitivity by the dipeptidyl peptidase−IV inhibi−
tor vildagliptin in metformin−treated patients with type 2 diabetes
over 1 year. Diabetes Care 2005; 28: 1936 ± 1940

12 Ahren B, Landin−Olsson M, Jansson P−A et al. Inhibition of dipeptidyl
peptidase−4 reduces glycemia, sustains insulin levels and reduces glu−
cagon levels in type 2 diabetes. J Clin Endocrinol Metab 2004; 89:
2078± 2084

13 Ahren B, Gomis R, Standl E, Mills D, Schweizer A. Twelve− and 52−week
efficacy of the dipeptidyl peptidase IV inhibitor LAF237 in metformin−
treated patients with type 2 diabetes. Diabetes Care 2004; 27: 2874 ±
2880

14 Matthews DR, Hosker JP, Rudenski AS et al. Homeostasis model as−
sessment: insulin resistance and b−cell function from fasting plasma
glucose and insulin concentrations in man. Diabetologia 1985; 28:
412 ± 419

15 Sluiter WJ, Erkelens DW, Reitsma WD, Doorenbos H. Glucose toler−
ance and insulin release, a mathematical approach I. Assay of the
beta−cell response after oral glucose loading. Diabetes 1976; 25:
241 ± 244

16 Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from
oral glucose tolerance testing: comparison with the euglycemic insu−
lin clamp. Diabetes Care 1999; 22: 1462 ± 1470

17 Ahren B, Simonsson E, Larsson H et al. Inhibition of dipeptidyl pepti−
dase IV improves metabolic control over a 4−week study period in
type 2 diabetes. Diabetes Care 2002; 25: 869± 875

Pratley RE et al. Monotherapy with Vildagliptin ´ Horm Metab Res 2006; 38: 423 ± 428

O
rig

in
alClin

ical

428


