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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Vildagliptin is an orally active, potent inhibitor

of dipeptidyl peptidase IV and was developed
for the treatment of type 2 diabetes.

• In clinical trials, once or twice daily dosing with
vildagliptin (up to 100 mg day-1) has been
shown to reduce endogenous glucose
production and fasting plasma glucose in
patients with type 2 diabetes.

• The comparative efficacy of vildagliptin under
a morning vs. evening dosing regimen has not
previously been determined.

WHAT THIS STUDY ADDS
• Once daily dosing with vildagliptin 100 mg for

28 days improved glycaemic control in
patients with type 2 diabetes independent of
whether vildagliptin was administered in the
morning or evening.

• Morning or evening dosing with vildagliptin
had similar effects on 24 h glycaemic control
and plasma concentrations of the hormones
insulin, glucagon and glucagon-like peptide 1.

AIM
This randomized, double-blind, crossover study compared post-prandial
hormonal and metabolic effects of vildagliptin, (an oral, potent, selective
inhibitor of dipeptidyl peptidase IV [DPP-4]) administered morning or evening in
patients with type 2 diabetes.

METHODS
Forty-eight patients were randomized to once daily vildagliptin 100 mg
administered before breakfast or before dinner for 28 days then crossed over to
the other dosing regimen. Blood was sampled frequently after each dose at
baseline (day -1) and on days 28 and 56 to assess pharmacodynamic
parameters.

RESULTS
Vildagliptin inhibited DPP-4 activity (>80% for 15.5 h post-dose), and increased
active glucagon-like peptide-1 compared with placebo. Both regimens reduced
total glucose exposure compared with placebo (area under the 0–24 h
effect–time curve [AUE(0,24 h)]: morning -467 mg dl-1 h, P = 0.014; evening
-574 mg dl-1 h, P = 0.003) with no difference between regimens (P = 0.430).
Reductions in daytime glucose exposure (AUE(0,10.5 h)) were similar between
regimens. Reduction in night-time exposure (AUE(10.5,24 h) was greater with
evening than morning dosing (-336 vs. -218 mg dl-1 h, P = 0.192). Only evening
dosing significantly reduced fasting plasma glucose (-13 mg dl-1, P = 0.032)
compared with placebo. Insulin exposure was greater with evening dosing
(evening 407 mU ml-1 h; morning 354 mU ml-1 h, P = 0.050).

CONCLUSIONS
Both morning and evening dosing of once daily vildagliptin 100 mg significantly
reduced post-prandial glucose in patients with type 2 diabetes; only evening
dosing significantly decreased fasting plasma glucose. Although evening dosing
with vildagliptin 100 mg tended to decrease night-time glucose exposure more
than morning dosing, both regimens were equally effective in reducing 24 h
mean glucose exposure (AUE(0,24 h)) in patients with type 2 diabetes.
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Introduction

Dipeptidyl peptidase IV (DPP-4) inhibitors represent a new
approach to the treatment of type 2 diabetes [1, 2]. DPP-4
inactivates the incretin hormones glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic peptide,
which are released into the bloodstream in response to
food intake and stimulate the secretion of insulin in a
glucose-dependent manner [3]. GLP-1 has other poten-
tially beneficial metabolic effects, including inhibition of
glucagon release [4, 5], slowing of gastric emptying [6], and
appetite suppression [7]. DPP-4 acts rapidly to inactivate
GLP-1; hence GLP-1 has a very short half-life of approxi-
mately 2 min. In patients with type 2 diabetes, the incretin
effects of GLP-1 are not reduced although GLP-1 secretion
is impaired [8, 9]. Inhibition of DPP-4 activity enhances and
prolongs the effects of GLP-1 and thus improves glycaemic
control in patients with type 2 diabetes.

Vildagliptin (LAF237) is an orally active, potent and
selective inhibitor of DPP-4, which has been developed for
the treatment of type 2 diabetes [10–12]. Vildagliptin has
been shown to increase post-prandial concentrations of
active GLP-1 compared with placebo [13], improve b-cell
function and insulin sensitivity [14], and reduce fasting and
post-prandial plasma glucose concentrations and concen-
trations of glycosylated haemoglobin (HbA1c) [15–17] in
studies of patients with type 2 diabetes. The clinical effi-
cacy of vildagliptin at differing dosages has been demon-
strated in long-term clinical trials in previously treated and
untreated patients with type 2 diabetes [18–21].

Vildagliptin may be administered either once or twice
daily; trials in patients with type 2 diabetes have compared
once daily morning dosing [22, 23] and/or twice daily
dosing [11, 15, 16, 23, 24] with placebo. In a study in
patients with type 2 diabetes [11], twice daily administra-
tion of vildagliptin 10 mg, 25 mg and 100 mg led to
average DPP-4 inhibition of 68%, 86% and 96%, respec-
tively, over a 24 h period. High levels of inhibition were
maintained throughout the 24 h period for the 25 mg and
100 mg doses; however, the lower 10 mg dose allowed sig-
nificant recovery of DPP-4 activity to ~30% inhibition. This
suggests that the average DPP-4 inhibition over 24 h must
exceed ~70% to achieve clinically relevant antihypergly-
caemic effects. These results are consistent with a study in
mice in which the maximum glucose response occurred
with �80% DPP-4 inhibition [25].The sustained DPP-4 inhi-
bition observed with vildagliptin irrespective of its short
half-life is mostly attributed to the very high potency of
DPP-4 inhibition by vildagliptin (IC50 = 4.5 nmol l-1). The
peak plasma concentration after a single dose of vildaglip-
tin 100 mg was ~2000 nmol l-1 [10]. In patients with type 2
diabetes, a single 100 mg dose of vildagliptin given before
the evening meal inhibited DPP-4 activity >95% for over
12 h and decreased endogenous glucose production
throughout the overnight post-absorptive period. The
reduction in fasting glucose was directly proportional to

that in endogenous glucose production, suggesting that
evening dosing may have additional benefit on reducing
fasting plasma glucose by inhibiting more effectively
endogenous glucose production [26].

This study was designed to determine whether the
time of dosing (morning dosing before breakfast com-
pared with evening dosing before dinner) would influence
the hormonal and metabolic responses to vildagliptin.The
primary objective was to compare the pharmacodynamic
effects of daily administration of vildagliptin 100 mg given
in the morning or evening over 28 days in patients with
type 2 diabetes.The study examined the effects of the two
dosing regimens on mean plasma glucose and glucose
excursions, plasma insulin, glucagon, active GLP-1 concen-
trations, and DPP-4 activity over 24 h. The pharmacokinet-
ics, safety and tolerability of each dosing regimen were
also assessed.

Methods

Study population
Men and women, aged 18–75 years, with type 2 diabetes
diagnosed at least 3 months before screening, were eli-
gible for enrolment in the study. For inclusion, patients had
to have a fasting plasma glucose of 100–270 mg dl-1 (5.5–
15.0 mmol l-1) at screening and baseline, HbA1c of 6.0–
10.5% at screening and a body mass index of �40 kg m-2.
Women were post-menopausal, or had to have been sur-
gically sterilized or using adequate contraception for at
least 6 months before screening. Patients whose diabetes
was controlled by diet and exercise alone or who were able
or willing to undergo a 3 week washout of anti-diabetic
drugs were also eligible.

The exclusion criteria included type 1 diabetes, second-
ary forms of diabetes, complications of diabetes (e.g.
ketoacidosis) within the preceding 6 months, an acute car-
diovascular event within 6 months of screening, or treat-
ment with any hypoglycaemic agent within 3 weeks of the
start of the study or with anti-arrhythmics, b-adrenoceptor
blockers, antihypertensive or lipid-lowering agents (unless
on a stable dose for at least 3 months before screening),
insulin (>4 weeks’ treatment in the absence of an intercur-
rent illness), thiazolidinediones within 6 months before
screening, or corticosteroids (>7 consecutive days’ treat-
ment) within 8 weeks before screening; fasting triglyceride
concentrations above 450 mg dl-1 (5.1 mmol l-1) at screen-
ing. Thyroid hormone replacement was allowed if the
dosage was stable for at least 3 months and thyroid stimu-
lating hormone concentrations were within normal limits
at screening.

The study was performed in compliance with good
clinical practice and the ethical principles of the Declara-
tion of Helsinki of the World Medical Association. Ethical
approval was provided by the Research Consultants
Review Committee Institutional Review Board, Austin, TX,
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USA. The study was conducted at Diabetes and Glandular
Disease Research Associates in San Antonio, TX, USA. All
participants provided written informed consent prior to
study participation.

Study design
This was a randomized, double-blind, two-period crossover
study, consisting of a 28 day screening period (day -28 to
day -1) followed by two 28 day treatment periods. Follow-
ing the initial screening visit, patients underwent a 21 day
washout of all hypoglycaemic medications. Blood samples
were collected on day -7 to assess the fasting plasma
glucose concentrations for patients meeting the inclusion
criteria; baseline assessments to confirm eligibility were
performed on day -3 after a 10 h fast. On day -2, eligible
patients began a 2 day, single-blind, run-in period during
which they received placebo tablets twice daily.

Following the placebo run-in period, patients were ran-
domized to either the morning dosing schedule (one vilda-
gliptin 100 mg tablet in the morning 30 min before
breakfast; one placebo tablet in the evening) or the
evening dosing schedule (one placebo tablet in the
morning, one vildagliptin 100 mg tablet in the evening
30 min before dinner) for 28 days (days 1–28). Patients who
continued to meet all inclusion criteria then received the
other treatment regimen for an additional 28 days (days
29–56). Randomization was performed by Novartis Drug
Supply Management using a validated automated system.

Patients were domiciled at the study centre during all
baseline assessments, placebo run-in period, randomiza-
tion (day -4 to day 1), and all assessments at the end of
each treatment period (days 26–29 and 54–57). Patients
also returned to the study centre for safety assessments on
days 14 and 42. When domiciled, patients received stan-
dardized meals at 08.00 h (breakfast), 12.00 h (lunch), and
18.00 h (dinner). Study medication was administered with
200 ml water 30 min before breakfast (after at least a 10 h
fast) and 30 min before dinner. When not domiciled, medi-
cation was self-administered.

Pharmacokinetic measurements
Blood samples (1 ml) for plasma drug concentrations were
collected into sodium or lithium heparin tubes at the fol-
lowing time points: 0 (pre-dose) and 0.5, 1, 1.5, 2, 3, 5, 7, 10,
10.5, 11, 11.5, 12, 13, 15, 17 and 24 h after the morning dose
on days 28 and 56. Samples were centrifuged for 15 min at
approximately 2500 rev min-1 at 3–5°C within 15 min of
collection; the extracted plasma was frozen at -70°C or
below until the analyses were performed.

Plasma concentrations of vildagliptin were measured
using an HPLC–MS/MS method [27, 28]. The assay con-
sisted of a liquid–solid extraction on Oasis HLB 96-well
extraction plates using an automated system, followed by
HPLC using a XTerra MS C18 5 mm column (Waters Corpo-
ration, Milford, MA, USA) with isocratic elution using 40%
mobile phase A (10 mmol l-1 ammonium acetate [adjusted

to pH 8 with ammonia solution]–methanol [95:5 v : v]) and
60% mobile phase B (acetonitrile–methanol [10:90 v : v]) at
a flow rate of 0.20 ml min-1. Detection was performed by
MS/MS with electrospray ionization using an API 3000
(Applied Biosystems, Foster City, CA, USA) mass spectro-
meter in positive ion mode. The internal standard for this
assay was [13C5

15N]vildagliptin. The masses for vildagliptin
were precursor ion m/z 304 and product ion m/z 154, and
for [13C5

15N]vildagliptin precursor ion m/z 310 and product
ion m/z 160. The lower limit of quantification (LLOQ) for
the assay was 2.0 ng ml-1. Within-study assay validation at
nominal vildagliptin concentrations of 5.25, 400 and
900 ng ml-1 showed an assay precision (coefficient of varia-
tion [CV]) of 6.9% to 9.6% and a bias of -2.1% to 4.8%.

Pharmacokinetic parameters were calculated based
on non-compartmental methods using WinNonlin Pro
(Version 4.1, Pharsight Corp., Mountain View, CA, USA) and
included Cmax (maximum plasma concentration), tmax (time
to reach Cmax), t1/2 (half-life of the terminal disposition
phase), AUC(0,t) (area under the plasma concentration–
time curve from time 0 to t h), and AUC(0,•) (area under
the plasma concentration–time curve from time 0 extrapo-
lated to infinity).

Pharmacodynamic measurements
Blood samples for assessment of pharmacodynamic
parameters were collected on days -1, 28 and 56. Samples
were collected for measurement of DPP-4 activity (1 ml
blood collected into potassium EDTA tubes) pre-dose
and at frequent intervals during the 24 h following the
morning dose. Blood samples were collected for measure-
ment of GLP-1 (2 ml blood collected into potassium EDTA
tubes to which 0.1 ml of a 3 mmol l-1 diprotin A solution
had been added), glucagon (2 ml blood collected into a
serum separator vacutainer tube containing aprotinin),
and glucose and insulin (2.5 ml blood collected into a
serum separator vacutainer tube containing heparin) at
frequent intervals during the 24 h following the morning
dose. All samples were centrifuged for 15 min at approxi-
mately 2500 rev min-1 at 3–5°C within 15 min of collection;
the extracted plasma was frozen at -70°C or below (-80°C
or below for glucagon) until analysis was performed.

DPP-4 activity was determined using a fluorescent
enzymatic assay as described previously [10, 28].The LLOQ
for DPP-4 activity was 0.24 mU ml-1 min-1. GLP-1 concen-
trations were measured by Novartis using the GLP-1 ELISA
kit (Linco Research, Inc., St. Charles, MO, USA), with a LLOQ
of 5 pmol l-1. Pharmacodynamic measurements of serum
glucose, insulin and glucagon were measured by North-
west Lipid Research Laboratories (Seattle, WA, USA) using
standardized procedures.

Plasma concentration–time profiles for each of the
pharmacodynamic variables (DPP-4, GLP-1, glucagon,
glucose and insulin) and the change from pre-dose
value or baseline were calculated for each patient at each
time point. Percentage inhibition of DPP-4 activity was
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calculated over time for each patient during each treat-
ment period. The area under the effect–time curves from
time 0 to 24 h (AUE(0,24 h)) was calculated for GLP-1, glu-
cagon, glucose and insulin.

Safety and tolerability assessments
Safety and tolerability assessments included the monitor-
ing and recording of all adverse events, and any concomi-
tant medications used to treat adverse events. Physical
examinations with vital signs and routine laboratory tests
including blood chemistry and haematology, urine analy-
sis and electrocardiogram were performed at regular inter-
vals during the study.

Statistical analysis
The variability in glucose AUE(0,24 h) was estimated
from the intra-patient CV for glucose AUE(0,14 h) from a
previous study. Based on an intra-patient CV �0.30 for
the primary pharmacodynamic endpoint (glucose
AUE(0,24 h)), a sample size of 40 patients provided at least
87% power to detect a 15% difference between morning
and evening dosing regimens.

All patients with evaluable pharmacodynamic assess-
ments who completed the trial were included in the
data analysis. Statistical comparisons of pharmacodynamic
parameters were performed using analysis of variance,
with sequence, period, and treatment as fixed effects and
patient (sequence) as random effect. The estimated mean
difference and associated 95% confidence intervals and P
values for morning dosing compared with evening dosing
were calculated using commercial software (SAS MIXED).

Results

Patient characteristics
A total of 48 patients with type 2 diabetes were enrolled;
39 patients completed the study. Four patients withdrew
consent and five patients discontinued because of a pro-
tocol violation (n = 4) or an abnormal laboratory test result
(n = 1) during the first treatment period. Baseline and
demographic characteristics of enrolled subjects are sum-
marized in Table 1.The majority of patients (n = 32) were of
Hispanic ethnic origin.

Pharmacokinetics
Steady-state plasma concentration–time profiles were
similar whether vildagliptin was administered in the
morning or evening (Figure 1). Steady-state pharmacoki-
netic parameters are summarized in Table 2. Cmax tended to
be slightly lower when vildagliptin was administered in the
evening.The slightly longer t1/2 observed following admin-
istration of vildagliptin in the morning probably reflected
the different plasma sampling schedule during the day
and night.

Pharmacodynamics
DPP-4 activity and GLP-1 concentrations Both morning
and evening dosing of vildagliptin inhibited plasma DPP-4
activity by �90% during the first 5.5 h after dosing, by
�80% up to 15.5 h after dosing and by �45% up to 24 h
after dosing. DPP-4 inhibition was greater during the
daytime following morning dosing and greater during the
night-time following evening dosing (Figure 2A). DPP-4
inhibition as a function of time after dosing was similar
after morning and evening dosing regimens.

Active GLP-1 concentrations following morning and
evening dosing exceeded 200 pmol l-1 in one patient.
GLP-1 data were therefore analysed with and without
inclusion of this patient. As there were no meaningful dif-
ferences between the results, this patient was excluded
from GLP-1 data. Figure 2B (patient excluded) shows the
mean 24 h profile of active GLP-1 plasma concentrations

Table 1
Subject baseline characteristics

Characteristic Patients (n = 48)

Age (years) 57.3 � 8.9
Ethnicity, n (%)

Caucasian 14 (29.2)
Hispanic 32 (66.7)
Asian 1 (2.1)
Native American 1 (2.1)

Male/female, n 26/22
Body weight (kg) 84.4 � 13.7

Height (cm) 164.6 � 9.5
BMI (kg m-2) 31.1 � 4.0

Fasting plasma glucose (mg dl-1) 159.8 � 42.2
HbA1c (%) 7.9 � 1.1

Data are mean � SD, unless otherwise stated. BMI, body mass index; HbA1c,
glycosylated haemogloblin.
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Figure 1
Plasma concentration–time profiles for vildagliptin following morning
dosing (vildagliptin 100 mg in the morning; placebo in the evening; n =
36) or evening dosing (vildagliptin 100 mg in the evening; placebo in the
morning; n = 36). Data are mean � SEM. Morning dose ( ); Evening
dose ( )
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during the placebo run-in period and after 28 days of
morning or evening vildagliptin dosing. Both treatment
regimens significantly increased GLP-1 concentrations
compared with placebo. GLP-1 concentrations during the
day were higher with morning than with evening dosing,
while GLP-1 concentrations in the evening and overnight
period were higher with evening dosing (Figure 2B).
Twenty-four hour GLP-1 exposure (AUE(0,24 h)) did not
differ significantly between the two regimens (morning
187 � 12 pmol l-1 h; evening 196 � 14 pmol l-1 h; P =
0.315). Fasting concentrations of GLP-1 were significantly
higher in the morning with evening dosing than with
morning dosing (5.0 � 0.5 vs. 3.1 � 0.3 pmol l-1; P < 0.001).

Glucose Both morning and evening vildagliptin dosing
regimens decreased plasma glucose concentrations
throughout the day and overnight compared with concen-
trations observed during the placebo run-in period
(Figure 3A). Both dosing regimens significantly improved
glycaemic control, reducing the 24 h mean glucose con-
centration by 19.5 mg dl-1 with morning dosing (P = 0.014
relative to placebo run-in) and by 23.9 mg dl-1 with
evening dosing (P = 0.003 relative to placebo run-in)
although there was no significant difference in the 24 h
mean glucose concentration between the two dosing regi-
mens (P = 0.43). Plasma glucose concentrations in the
morning and afternoon were similar with both dosing regi-
mens, while there was a strong trend towards lower
glucose concentrations in the evening with evening
dosing.The largest between-regimen difference in glucose
concentrations (16 mg dl-1) was seen 2 h after the evening
dose but was not statistically significant (P = 0.057).

Compared with the placebo run-in period, each
treatment regimen reduced 24 h glucose exposure
(AUE(0,24 h)): morning -467 mg dl-1 h, P = 0.014; evening
-574 mg dl-1 h, P = 0.003); the average reduction in glucose
over 24 h was 20 mg dl-1 after morning dosing and
24 mg dl-1 after evening dosing. Differences between
dosing regimens in 24 h glucose exposure and average

glucose concentration were not statistically significant
(Table 3).Compared with placebo,the reduction in daytime
glucose exposure (AUE(0,10.5 h)) was similar with morning
and evening dosing (average daytime exposure
213.7 mg dl-1 h and 207.3 mg dl-1 h with evening dosing;
Table 3); however, the reduction in night-time glucose
exposure (AUE(10.5,24 h)) was numerically greater with
evening compared with morning dosing (evening
-336 mg dl-1 h; morning -218 mg dl-1 h; P = 0.192). Mean
fasting plasma glucose was 195 � 8 mg dl-1 during the
placebo run-in period. After 28 days of vildagliptin treat-
ment,mean fasting plasma glucose tended to be lower with
evening than with morning dosing but the difference was

Table 2
Steady-state pharmacokinetic parameters for vildagliptin 100 mg follow-
ing morning or evening dosing

Parameter
Morning dosing
(n = 36)

Evening dosing
(n = 36)

Cmax (ng ml-1) 684 � 187 578 � 152
AUC(0,7 h) (ng ml-1 h) 2062 � 438 1977 � 527

AUC(0,•) (ng ml-1 h) 2414 � 561 2427 � 692
tmax (h) 1.00 (0.50–2.00) 1.00 (1.00–3.00)

t1/2 (h) 3.43 � 1.58 2.45 � 0.53

Data are mean � SD except for tmax values, which are median (range). Cmax,
maximum plasma concentration; AUC(0,7 h), area under the plasma
concentration–time curve from time 0 to 7 h; AUC(0,•), area under the plasma
concentration–time curve from time 0 extrapolated to infinity; tmax, time to reach
Cmax; t1/2, terminal elimination half-life.
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Figure 2
A) Dipeptidyl peptidase IV (DPP-4) inhibition and B) mean plasma
concentration–time profiles for active glucagon-like peptide-1 (GLP-1)
after 28 days of morning (A, n = 38; B, n = 37) or evening (A, n = 38; B, n =
37) administration of vildagliptin 100 mg and during the placebo run-
in (n = 44). Data are mean � SEM. * P < 0.05, ** P < 0.01, *** P < 0.005 for
vildagliptin 100 mg vs. placebo. (A) Morning dose ( ); Evening dose
( ); (B) Run-in ( ); Morning dose ( ); Evening dose ( )
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not statistically significant (evening 178 � 9 vs. morning
192 � 9 mg dl-1, P = 0.130). However, mean fasting plasma
glucose was significantly decreased compared with the
placebo run-in period for evening dosing (-13 mg dl-1, P =
0.032), but not morning dosing (-5 mg dl-1, P = 0.374).

Insulin and glucagon Figure 3B shows mean plasma
insulin concentration as a function of time after 28 days of
morning or evening dosing with vildagliptin and after
placebo run in. Evening dosing tended to increase post-
prandial insulin concentrations following lunch and dinner
more than morning dosing,although differences in change
from baseline were statistically significant only at 1.25 h
post-dinner (37 vs. 26 mU ml-1, P = 0.018).While total insulin
exposure (AUE(0,24 h)) tended to be greater with evening
than with morning dosing (Table 3, P = 0.071), the only
statistically significant difference between the two regi-
mens was an 11% increase in night-time insulin exposure
(AUE(10.5,24 h), P = 0.050) with evening dosing.

Figure 3C shows plasma glucagon concentration as a
function of time after morning or evening dosing with
vildagliptin for 28 days and after placebo run in. Morning
administration of vildagliptin tended to reduce plasma
glucagon concentrations throughout the day, whereas
evening administration tended to reduce glucagon con-
centrations in the evening and overnight. However,
AUE(0,24 h) for glucagon did not differ significantly
between morning and evening dosing (1569 � 86 vs. 1595
� 101 ng l-1 h, P = 0.651), and was similar to that observed
during the placebo run-in (1615 � 76 ng l-1 h).

Safety and tolerability
Vildagliptin was generally well tolerated whether adminis-
tered in the morning or the evening. During morning
dosing,18 patients reported 36 adverse events,22 of which
were suspected to be related to study medication. During
evening dosing, 18 patients reported 42 adverse events, 23
of which were suspected to be related to study medica-
tion. In addition, 13 patients reported 23 adverse events
during the placebo run-in period. Most events were mild
or moderate in severity. The most frequently reported
adverse events during active treatment were headache
(11.1–14.3%) and pharyngolaryngeal pain (7.1–8.9%). No
hypoglycaemic events were reported during the study,
and there were no discontinuations due to adverse events.
One serious adverse event was reported in a patient who
was hospitalized with severe hyperglycaemia 9 days after
completion of the study. The cause was unknown and was
not suspected to be related to study treatment.

Discussion

The results of this study demonstrated that once daily
dosing with vildagliptin 100 mg for 28 days either in the
morning or evening improved glycaemic control in
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Mean plasma concentration–time profiles for A) glucose, B) insulin and C)
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patients with type 2 diabetes. Evening dosing tended to
reduce glucose exposure to a greater extent than morning
dosing. These effects seem to be explained by differences
in daytime inhibition of DPP-4 activity compared with
night-time inhibition of DPP-4 activity and the resulting
effects on insulin and glucagon. Importantly, the 24 h gly-
caemic control and hormonal responses were similar
between dosing regimens in patients with type 2 diabetes.

The pharmacokinetic results of the present study con-
firmed that vildagliptin was rapidly absorbed after either
morning or evening dosing with peak plasma concentra-
tions observed approximately 1 h after administration.The
observed short elimination half-life (3.43 � 1.58 h with
morning dosing; 2.45 � 0.53 h with evening dosing) was
also consistent with observations in healthy volunteers
[29]. The slightly longer elimination half-life observed fol-
lowing administration of vildagliptin in the morning prob-
ably reflected the different plasma sampling schedule
during the day and night. A previous study, in healthy vol-
unteers administered with vildagliptin 100 mg, showed
that food had no clinically relevant effects on vildagliptin
pharmacokinetics, hence no differences in pharmacokinet-
ics related to the timing of meals would be expected for
morning vs. evening dosing [30].

Both vildagliptin dosing regimens produced significant
improvements in 24 h plasma glucose exposure compared
with baseline. Improvements tended to be greater with
evening than morning dosing, particularly during the over-
night period, although the differences were not statisti-
cally significant. The improvements relative to baseline
observed in the current study (AUE(0,24 h): morning
-467 mg dl-1 h; evening -574 mg dl-1 h) were similar to
those seen in a 4 week study of vildagliptin 100 mg admin-
istered once daily in the morning in patients with type 2
diabetes (AUE(0,24 h): -626 mg dl-1 h) [22]. The reductions
from baseline in fasting plasma glucose were also larger
with evening than morning dosing in the current study
(-13 mg dl-1 vs. -5 mg dl-1), but were smaller than the
reductions of approximately 18 mg dl-1 observed in longer

studies (12–24 weeks) with vildagliptin 100 mg once daily
in the morning in patients with type 2 diabetes [16, 23].The
trend towards greater reduction in fasting plasma glucose
with evening dosing may be related to the greater
decreases in glucose exposure overnight. Excessive over-
night hepatic glucose production is an important factor in
determining fasting plasma glucose in patients with wors-
ening type 2 diabetes [31].

In a preliminary study in 16 patients with type 2 diabe-
tes, the reduction in fasting glucose of 14 mg dl-1 following
a single evening dose of vildagliptin 100 mg was directly
related to the treatment-induced decrease in overnight
endogenous glucose production [26]. After vildagliptin
treatment, the rate of overnight insulin release remained
elevated whereas plasma glucagon release was signifi-
cantly suppressed [26]. In the present study, insulin expo-
sure over 24 h did not differ significantly with vildagliptin
therapy compared with placebo (administered during the
run-in period), irrespective of the time of dosing. However,
evening dosing was associated with significantly greater
night-time insulin exposure than morning dosing. The
ratio AUE(0,24 h) of insulin to AUE(0,24 h) of glucose was
higher during vildagliptin treatment than during the
run-in period in this study, indicating greater insulin
release at any given glucose concentration. The relatively
small changes observed in insulin concentrations despite
significant reductions in glucose concentrations were in
line with findings from previous studies with vildagliptin
[15, 22, 26]. These results were consistent with vildagliptin
therapy enhancing b-cell responsiveness to glucose. A 4
week study in patients with type 2 diabetes showed that
vildagliptin therapy increased insulin secretion at a given
glucose concentration [24]. In a pooled analysis of vilda-
gliptin monotherapy in patients with type 2 diabetes,
robust and consistent improvements in both fasting and
meal-test-derived measures of b-cell function were seen
after 6 months’ treatment [14].

As expected, vildagliptin inhibited DPP-4 activity
leading to an increased active GLP-1 concentration when

Table 3
Effects on plasma glucose and plasma insulin following morning or evening dosing of vildagliptin 100 mg

Placebo run-in
(n = 40)

Active treatment period
Morning dosing
(n = 38)

Evening dosing
(n = 38)

Least-squares mean difference between
morning dosing and evening dosing (95% CI) P value

Glucose (mg dl-1 h)
Total (AUE(0,24 h)) 5540 � 264 5136 � 271 4870 � 241 120 (-185, 425) 0.4296
Daytime (AUE(0,10.5 h)) 2493 � 113 2244 � 121 2177 � 114 6 (-136, 148) 0.9276
Night-time (AUE(10.5,24 h) 3132 � 132 2891 � 152 2693 � 129 116 (-61, 293) 0.1918

Insulin (mU ml-1 h)
Total (AUE(0,24 h)) 772 � 52 747 � 60 828 � 69 -56 (-117, 5) 0.0707
Daytime (AUE(0,10.5 h)) 403 � 26 393 � 33 421 � 33 -18 (-52, 17) 0.3016
Night-time (AUE(10.5,24 h)) 368 � 27 354 � 29 407 � 36 -40 (-79, -0.1) 0.0495

Data are presented as mean � SEM unless otherwise stated. AUE, area under the effect–time curve; CI, confidence interval.
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compared with baseline following both morning and
evening dosing regimens. As DPP-4 inhibition is a func-
tion of vildagliptin concentration, DPP-4 inhibition was
greater during the daytime following morning dosing
and greater during the night-time following evening
dosing. The DPP-4 inhibition vs. time profile as a function
of time after vildagliptin administration was similar
between both regimens. Maximum inhibition of DPP-4
activity was observed 30 min after vildagliptin dosing,
and more than 80% inhibition was sustained for up to
15.5 h after dosing. As GLP-1 is secreted in response to a
meal, the increases in GLP-1 activity were most pro-
nounced after each meal, with peak concentrations
observed after 30 min. It should be noted that the dura-
tion of DPP-4 inhibition with vildagliptin is prolonged
relative to the plasma half-life of the drug. This reflects
the fact that a vildagliptin plasma concentration of
15 ng ml-1 is sufficient to achieve 90% DPP-4 inhibition
[10]; administration of vildagliptin 100 mg once daily or
50 mg twice daily maintains plasma vildagliptin concen-
trations sufficient to achieve �70% average DPP-4 inhibi-
tion throughout the day. These results are consistent with
the DPP-4 and GLP-1 profiles observed with vildagliptin
in previous studies [22, 26]. It is important to note that
there is no evidence for circadian variation in DPP-4 con-
centrations that might influence the effects of morning or
evening dosing of vildagliptin. A single study in mice per-
formed before the physiological function of DPP-4 was
known suggested that there may be ultradian variation in
concentrations of DPP-4 [32], but there is no published
evidence of similar variation in humans.

Vildagliptin therapy was well tolerated following
either morning or evening administration. The incidence
of adverse events was low, and most were mild or mod-
erate in intensity. These findings are consistent with the
safety and tolerability profile reported with vildagliptin
treatment in previous clinical studies in patients with
type 2 diabetes [15, 16, 23]. Indeed, in studies lasting up
to 24 weeks, the overall incidence of adverse events at
daily vildagliptin doses up to 100 mg was similar to that
observed with placebo [16, 23]. In the current study, there
were no reports of hypoglycaemic events with vildaglip-
tin treatment. This is consistent with the low hypoglycae-
mic potential of agents that act by increasing GLP-1
activity, as GLP-1-induced insulin release is glucose-
dependent [3].

In conclusion, treatment with vildagliptin at 100 mg
once daily for 28 days led to a significant reduction in
glucose excursion over 24 h after both morning and
evening dosing. Although evening dosing of vildagliptin
100 mg was similarly effective in glucose lowering as
morning dosing in patients with type 2 diabetes, evening
dosing may be slightly more effective for night-time
glucose reduction. Both regimens were equally effective
in reducing post-prandial glucose in patients with type 2
diabetes.
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