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Sitagliptin improves glycaemic excursion after a meal or after
an oral glucose load in Japanese subjects with impaired glucose
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Aims: To evaluate the efficacy and tolerability of sitagliptin in subjects with impaired glucose tolerance (IGT).
Methods: In a double-blind, parallel-group study, 242 Japanese subjects with IGT, determined by a 75-g oral glucose tolerance test (OGTT) at week −1,
were randomized (1 : 1 : 1) to placebo (n= 83), sitagliptin 25 mg (n= 82) or 50 mg (n= 77) once daily for 8 weeks. Glycaemic variables were assessed
using another OGTT at week 7 and meal tolerance tests (MTTs) at weeks 0 and 8. Primary and secondary endpoints were percent change from baseline in
glucose total area under the curve 0–2 h (AUC0–2 h) during the MTT and OGTT, respectively.
Results: Least squares mean percent change from baseline in glucose AUC0–2 h during the MTT were −2.4, −9.5 and −11.5%, and during the OGTT were
−3.7, −21.4 and −20.1% with placebo, sitagliptin 25 mg once daily, and 50 mg once daily, respectively (p< 0.001 for either sitagliptin dose vs placebo in
both tests). Sitagliptin treatment enhanced early insulin response during the OGTT and decreased total insulin response, assessed as the total AUC0–2 h

during the MTT. Sitagliptin treatment also suppressed glucagon response during the MTT. The incidence of adverse events, including hypoglycaemia, was
low and generally similar in all treatment groups.
Conclusions: Treatment with sitagliptin significantly reduced glucose excursions during both an MTT and an OGTT; this effect was associated with an
increase in early insulin secretion after oral glucose loading as well as a blunted glucagon response during an MTT. Sitagliptin was generally well tolerated
in subjects with IGT.
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Introduction
Impaired glucose tolerance (IGT), defined as fasting plasma
glucose (FPG) concentration <7.0 mmol/l (126 mg/dl)
combined with elevated 2-h plasma glucose concentration
[≥7.8 mmol/l (140 mg/dl) and <11.1 mmol/l (200 mg/dl)] after
a 75-g glucose load in an oral glucose tolerance test (OGTT), is
associated with an increased risk of type 2 diabetes (T2DM) [1]
and macrovascular disease [2–4]. Progression to T2DM is asso-
ciated with a higher risk of macrovascular and microvascular

Correspondence to: Taro Okamoto, MSD KK, Kitanomaru Square, 1-13-12, Kudan-kita,
Chiyoda-ku, Tokyo 102-8667, Japan.
E-mail: taro.okamoto@merck.com

∗Present address: Shionogi Inc., Florham Park, NJ, USA.

†Present address: Covance, Inc., Princeton, NJ, USA.

The copyright line for this article was changed on September 17, 2015 after original online
publication.

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial License, which permits use, distribution and reproduction in
any medium, provided the original work is properly cited and is not used for commercial
purposes.

complications, progressive deterioration of glycaemic control
and, ultimately, requirement for multiple medications [5–7].

Prevention or delay in the onset of T2DM could have impor-
tant public health implications. A first step towards prevention
of the disease is the identification of patients with dysgly-
caemia, who are at risk of progressing to T2DM [8], followed
by modification of diet and exercise. Complementary to this is
assessment of the potential for therapies to slow or eliminate
disease onset in patient populations not sufficiently responsive
to lifestyle modification. A variety of oral antihyperglycaemic
agents used in the management of T2DM have been evaluated
in patients with IGT, with varying effect sizes with regard to
slowing progression to diabetes [9]. Metformin [10], rosiglita-
zone [11], pioglitazone [12], acarbose [13] and voglibose [14]
have been shown to delay the onset of T2DM, although safety
and tolerability issues (e.g. gastrointestinal side effects for met-
formin and 𝛼-glucosidase inhibitors, oedema and increased
risk of fracture for thiazolidinediones) may limit use in some
patients. Current guidelines from the American Diabetes
Association [15], the International Diabetes Federation [16]
and the Japan Diabetes Society (JDS) [17] recommend diet and
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exercise as the primary treatment for individuals with IGT;
however, these guidelines also recommend pharmacological
intervention for those who have a higher risk of T2DM, or if
lifestyle intervention has not achieved the desired weight loss
and/or improved glucose tolerance goals.

Dipeptidyl peptidase-4 (DPP-4) inhibitors stabilize the cir-
culating levels of the incretins glucagon-like peptide-1 and gas-
tric inhibitory polypeptide, which improves insulin secretion
and reduces glucagon secretion, thereby reducing hypergly-
caemia [18,19]. These incretin effects are glucose-dependent,
thus minimizing the risk of hypoglycaemia. In light of the par-
ticular relevance of incretins to postprandial glucose homeosta-
sis, the use of incretin-based therapies is of interest in subjects
with mild postprandial glycaemic excursions, but without overt
T2DM. The DPP-4 inhibitor vildagliptin has been shown to
reduce postprandial glucose excursions in subjects with IGT
during a meal tolerance test (MTT) [20]. In a study in patients
hospitalized for cardiovascular disease, sitagliptin was shown to
reduce glucose excursions during an OGTT in patients newly
diagnosed with IGT or T2DM [21]. In the present study, we
evaluated the effects of treatment with sitagliptin on glucose
excursions and plasma insulin levels during an MTT or an
OGTT, on circulating glucagon levels during the MTT, and
on FPG and glycated haemoglobin (HbA1c) levels, in Japanese
subjects with IGT.

Materials and Methods
This was a multicentre, randomized, placebo-controlled,
parallel-group, double-blind, dose–response study (Figure S1).
After an 8-week observation period, including diet/exercise
therapy, and a single-blind, 1-week placebo run-in period,
subjects were randomized in a 1 : 1 : 1 ratio to once-daily
sitagliptin 25 mg, sitagliptin 50 mg or placebo, before breakfast
for 8 weeks. The maximum sitagliptin dose was chosen based
on the standard initial dose of sitagliptin approved in Japan for
the treatment of T2DM.

Japanese patients, aged ≥20 years with suspected IGT were
identified for screening by investigators. Individuals were
eligible for the study if, at week −1, while on diet/exercise
therapy, they had an FPG value <7.0 mmol/l (126 mg/dl), an
OGTT 2-h plasma glucose value ≥7.8 mmol/l (140 mg/dl)
and <11.1 mmol/l (200 mg/dl), and an HbA1c value <6.5%
[converted to the National Glycohemoglobin Standardization
Program (NGSP) value from the JDS value used in screening,
using the formula HbA1c (NGSP; %)= 1.02×HbA1c (JDS;
%)+ 0.25%] [22]. Written informed consent was obtained
from all patients before they underwent any study procedure.

Subjects were excluded if they had overt diabetes, another
disease causing secondary glucose intolerance, a history of
treatment to prevent diabetes or treatment with any anti-
hyperglycaemic agent or unstable cardiovascular disease,
uncontrolled severe hypertension, active liver disease or
chronic renal disease. Subjects with aspartate aminotrans-
ferase and/or alanine aminotransferase >twofold above the
upper limit of normal, creatinine >0.13 mmol/l in men and
>0.11 mmol/l in women, or haemoglobin <6.83 mmol/l in
men and <6.21 mmol/l in women, were also excluded.

The study (Sitagliptin Protocol 105; ClinicalTrials.gov:
NCT01405911) was conducted in accordance with principles
of Good Clinical Practice and was approved by the appropriate
institutional review boards.

Efficacy Assessments

At weeks −1 and 7, after a fast of ≥10 h (at week 7, 30 min after
taking placebo or study drug), subjects underwent an OGTT,
initiated by consumption of a 75-g glucose solution. At weeks
0 and 8, after a fast of ≥10 h (at week 8, 30 min after taking
placebo or study drug), subjects underwent an MTT, initiated
by consumption of a 500 kcal meal (carbohydrate 60%, fat 25%,
protein 15%) during a 15-min period. For both the OGTT and
the MTT, blood for measurement of glucose and insulin was
obtained just before initiation of glucose or meal loading (t= 0)
and at 30-min intervals thereafter, up to 120 min. In the MTT,
this blood was also used for the measurement of glucagon. FPG
and HbA1c were measured at weeks 0 and 8.

The primary efficacy endpoint was percent change from
baseline (week 0) in the week 8 MTT glucose total area under
the curve 0–2 h (AUC0–2 h). The secondary efficacy endpoint
was percent change from baseline (week −1) in the week
7 OGTT glucose total AUC0–2 h. Change from baseline in
other glycaemic variables, including OGTT 2-h plasma glu-
cose, FPG and HbA1c were exploratory endpoints. In addition,
change from baseline in insulin and glucagon during MTT and
in insulinogenic index (= ΔInsulin0–30/ΔGlucose0–30) during
OGTT, were assessed as exploratory endpoints. Change from
baseline in 30-min insulin during OGTT, and return to nor-
moglycaemic status [defined as FPG <6.1 mmol/l (110 mg/dl)
and OGTT 2-h plasma glucose <7.8 mmol/l (140 mg/dl)] were
assessed as post hoc analyses.

Safety Assessments

Safety measurements included adverse events (AEs), labora-
tory tests, body weight, vital signs (blood pressure and pulse
rate) and ECG. Laboratory tests were performed at screen-
ing/week −8, at baseline/week 0, and at every 4-week visit dur-
ing the treatment period or at discontinuation. Body weight,
blood pressure and pulse rate were measured and recorded at
every visit (except for week 7/visit 5) or at discontinuation.
ECG (12-lead) was performed at week −8/visit 1, week 0/visit
3 and week 8/visit 6 or at discontinuation, at study sites, and
recorded. AEs of symptomatic hypoglycaemia, as assessed by
investigators, were prespecified as events of interest. Hypogly-
caemic events were identified based on records kept by each
patient in a log book, including patients’ self-monitoring blood
glucose tests, performed twice weekly and in the event of any
hypoglycaemic symptoms.

Laboratory Analyses

Laboratory tests for this study were performed by SRL, Inc.
(Tokyo, Japan). Insulin was measured using a chemilumines-
cent enzyme immunoassay with Lumipulse Presto Insulin (Fuji
Rebio, Tokyo, Japan) and glucagon was assayed using a radioim-
munoassay KIT (Millipore, St. Charles, MO, USA; Cat. #
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GL-32K). DPP-4 activity was measured by Merck & Co., Inc., in
Rahway, NJ, USA, using a high plasma concentration assay [23].

Statistical Analyses

For the primary and key secondary endpoint efficacy analy-
ses, a constrained longitudinal data analysis method [24] was
used. This repeated measures model included terms for treat-
ment, time, and the interaction of time by treatment, with
the restriction of a common baseline mean across treatment
groups. The primary and secondary hypotheses were evaluated
by a step-down trend test, comparing doses of sitagliptin with
placebo at week 7 or 8, depending on the variable. Multiplic-
ity among linear contrast testing was controlled through the
step-down testing procedure. The primary population for all
efficacy analyses comprised all subjects who received at least
one dose of study therapy and had at least one efficacy mea-
surement (baseline or post-randomization).

All randomized patients who received at least one dose of
study therapy were included in the safety analysis population.
The AE of symptomatic hypoglycaemia was prespecified as an
event of interest. The Miettinen and Nurminen method [25]
was used to calculate the p values and 95% confidence intervals
(CIs) for between-treatment differences in the percentage of
subjects with events of symptomatic hypoglycaemia. For other
AEs that had ≥4 patients in a treatment group, for predefined
limits of change in laboratory variables, and for the overall AE
summary, the between-group differences and associated 95%
CIs were calculated. Point estimates by treatment group were
calculated for AEs that had <4 patients in all treatment groups
and for change or percent change from baseline in laboratory
measurements, ECG, lipids and vital signs.

Approximately 234 subjects (78 subjects per group) were to
be randomized, anticipating that 75 subjects per group would
be available for analysis for the primary hypothesis at week 8.
Using a standard deviation of 13%, this sample size would pro-
vide 90% (80%) power to detect a true difference of 7.0% (6.0%)
in the mean percent change from baseline of glucose total
AUC0–2 h in MTT between two treatment groups (two-sided
test, 𝛼 = 0.05).

Results
Patient Disposition and Characteristics

A total of 560 subjects were screened and 242 were randomized
for this study (Figure 1). An additional 19 subjects, including
nine randomized subjects, were not included in this account-
ing of patients or in study analyses, because the site at which
they were enrolled was identified as non-compliant with some
requirements of Good Clinical Practice and therefore data from
this site were deemed unreliable. Subjects were most commonly
excluded from randomization for not meeting eligibility criteria
(89.3%) or because of withdrawal of consent (7.9%). The study
was completed by 234 of the 242 subjects randomized (96.7%).
Most study discontinuations resulted from withdrawal of con-
sent (Figure 1). With the exception of a slight skewing towards
subjects with combined impaired fasting glucose (IFG)/IGT in
the group receiving 50 mg sitagliptin, baseline demographics

and efficacy characteristics were generally well balanced among
the treatment groups (Table 1).

Efficacy

Glucose Excursion During Meal Tolerance Test. At week 8, a
significant reduction in the primary endpoint, percent change
from baseline (week 0) in glucose total AUC0–2 h during the
MTT, was observed across active treatment groups compared
with placebo (Table 2; p< 0.001). Compared with baseline,
8 weeks of daily treatment with 25 or 50 mg sitagliptin reduced
the least squares (LS) mean MTT-associated glucose excursions
by∼10% (Figure 2A; Table 2). When calculated as an increment
of baseline Time 0 value, the MTT glucose excursion in both
sitagliptin treatment groups was reduced by >35% (Table S1).

Glucose Excursion During Oral Glucose Tolerance Test. Simi-
larly, a significant reduction in the secondary endpoint, percent
change from baseline (week −1) in glucose total AUC0–2 h dur-
ing the OGTT at week 7, was observed across active treatment
groups compared with placebo (Table 2; p< 0.001). Compared
with baseline, 7 weeks of daily treatment with either sitagliptin
dose reduced the LS mean OGTT glucose excursion by ∼20%
(Figure 2D; Table 2). When calculated as an increment from
the baseline Time 0 value, the OGTT glucose excursion in both
sitagliptin treatment groups was reduced by ∼50% (Table S1).

Treatment with either dose of sitagliptin for 7 weeks reduced
the LS mean plasma 2-h OGTT glucose level by ∼2 mmol/l
(Figure 2D; Table 2). Compared with placebo, treatment with
either sitagliptin dose significantly reduced the LS mean 2-h
OGTT plasma glucose level (Table 2; p< 0.001).

Insulin and Glucagon Responses During Meal Tolerance Test.
Compared with baseline, treatment with 25 or 50 mg sitagliptin
for 8 weeks reduced LS mean MTT plasma insulin total
AUC0–2 h by>60 pmol · h/l (Figure 2B and Table 2). Compared
with placebo, treatment with 25 or 50 mg sitagliptin signifi-
cantly reduced LS mean MTT insulin total AUC0–2 h (Figure 2B;
Table 2). Consistent results were observed when calculated as
an increment of baseline MTT Time 0 value (Table S1).

Sitagliptin treatment for 8 weeks reduced MTT plasma
glucagon (Figure 2C, Table 2); the LS mean change from
baseline plasma glucagon total AUC0–2 h associated with the
25 mg dose was significant compared with placebo (p= 0.003),
while the LS mean change in plasma glucagon total AUC0–2 h
associated with the 50 mg dose, compared with placebo,
did not reach statistical significance. When calculated as an
increment of baseline Time 0 value, MTT plasma glucagon
decreased from baseline with both treatment doses (Table S1).
Compared with placebo, there was a significant change from
baseline in glucagon incremental AUC0–2 h associated with
either sitagliptin dose (Table S1; p< 0.001).

Insulin Response During Oral Glucose Tolerance Test. Com-
pared with placebo, the change from baseline in the early
(30-min) LS mean insulin response to OGTT was increased
significantly by 7 weeks of daily treatment with either dose
of sitagliptin (Figure 2E; Table 2), while at later time points,
plasma insulin levels were reduced after sitagliptin treat-
ment (Figure 2E). Compared with placebo, the LS mean
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Figure 1. Patient disposition. q.d., once daily; ALT, alanine aminotransferase. aAn additional 19 subjects, including 9 who were randomized (3, 4, and
2 subjects in placebo, sitagliptin 25 and 50 mg q.d. groups, respectively), are not included in this disposition accounting and were not included in study
analyses because the site at which they were enrolled was identified as noncompliant with some requirement of Good Clinical Practice and therefore data
from this site were deemed to be unreliable. bDiscontinuation due to ALT increased at baseline (not on treatment).

Table 1. Patient demographics and baseline characteristics.

Variable Placebo
Sitagliptin 25 mg
once daily

Sitagliptin 50 mg
once daily

N 83 82 77
Age, years 61.9± 10.6 63.1± 9.5 61.9± 9.3
Male/female, % 57.8/42.2 53.7/46.3 58.4/41.6
Body mass index, kg/m2 25± 3 26± 3 25± 4
Isolated IGT/IFG plus IGT, % 60.2/39.8 61.0/39.0 51.9/48.1
MTT Glucose total AUC0−2 h, mmol · h/l 15.67± 2.03 15.62± 2.10 15.83± 2.03
OGTT Glucose total AUC0−2 h, mmol · h/l 19.77± 2.84 19.45± 2.30 20.09± 2.73

2-h glucose, mmol/l 9.21± 0.98 9.19± 0.82 9.34± 0.93
Fasting Glucose, mmol/l 5.87± 0.49 5.86± 0.51 5.92± 0.56
Insulinogenic index, pmol/mmol 61.28± 53.19 62.70± 50.68 56.51± 51.09
HbA1c, % (mmol/mol) 5.98± 0.27 6.01± 0.25 6.02± 0.28

(41.79± 2.90) (42.16± 2.68) (42.28± 3.06)

AUC0–2 h, area under the curve 0–2 h; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; MTT, meal tolerance test; OGTT, 75-g oral glucose
tolerance test.
All values are mean± standard deviation unless otherwise indicated; to convert insulinogenic index from SI unit to conventional units, divide by 109.

insulinogenic index was increased from baseline after 7 weeks
of treatment with either dose of sitagliptin (Table 2; p< 0.05).

Glycated Haemoglobin and Fasting Plasma Glucose. Compared
with placebo, daily treatment with either dose of sitagliptin
for 8 weeks significantly reduced HbA1c from baseline [LS
mean −0.17% (95% CI −0.21, −0.12) or −1.82 mmol/mol
(−95% CI 2.33, −1.32) for 25 mg, and LS mean −0.18% (−0.23,
−0.14) or −2.01 mmol/mol (95% CI −2.53, −1.50) for 50 mg;
p< 0.001]. Compared with placebo, 50 mg sitagliptin signif-
icantly reduced FPG from baseline [−0.31 mmol/l (95% CI
−0.46, −0.15); p< 0.001], while the reduction with 25 mg
sitagliptin did not reach statistical significance [−0.10 mmol/l

(95% CI −0.26, 0.05)]. The reduction from baseline in FPG
associated with 50 mg sitagliptin treatment was greater than
that for treatment with 25 mg sitagliptin by −0.20 mmol/l
[(95% CI −0.36, −0.05); p= 0.011].
Overall Glycaemic Status. In a post hoc analysis, 19 of 82
patients (23.2%) who had IGT at baseline and then were
treated for 7 weeks with placebo had become normogly-
caemic, compared with 39 out 82 patients (47.6%) treated with
sitagliptin 25 mg and with 41 of 77 patients (53.2%) treated
with sitagliptin 50 mg.

DPP-4 Activity. At week 8 of treatment, the trough geometric
LS mean± standard error percentage of plasma DPP-4 activity
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Table 2. Change from baseline in efficacy endpoints.

Variable Placebo (N= 82) Sitagliptin, 25 mg once daily (N= 82) Sitagliptin, 50 mg once daily (N= 77)

MTT
Glucose, total AUC0–2 h, mmol · h/l

Baseline 15.67± 2.05 15.62± 2.10 15.83± 2.03
Week 8 15.32± 2.25 14.07± 1.71 13.96± 1.57
% change from baseline‡ −2.42 (−4.48, −0.31) −9.52 (−11.43, −7.75) −11.49 (−13.40, −9.55)
Difference from placebo — −7.11* (−9.85, −4.36) −9.08* (−11.82, −6.33)

Insulin, total AUC0–2 h, pmol · h/l
Baseline 660.77± 418.53 657.18± 324.64 643.88± 370.78
Week 8 660.59± 425.44 584.78± 336.79 585.88± 365.59
Change from baseline‡ 17.70 (−34.32, 69.73) −73.44 (−125.5, −21.42) −64.22 (−117.2, −11.20)
Difference from placebo — −91.14† (−163.9, −18.42) −81.92† (−155.4, −8.48)

Glucagon, total AUC0–2 h, ng · h/l
Baseline 162.11± 48.41 163.78± 42.48 161.89± 47.58
Week 8 174.14± 49.38 162.25± 39.46 166.48± 46.95
Change from baseline‡ 11.82 (5.88, 17.75) −0.59 (−6.53, 5.35) 5.19. (−0.85, 11.24)
Difference from placebo –– −12.41† (−20.64, −4.17) −6.63 (−14.94, 1.69)

OGTT
Glucose, total AUC0–2 h, mmol · h/l

Baseline 19.76± 2.86 19.45± 2.30 20.09± 2.73
Week 7 19.16± 3.54 15.42± 2.52 16.04± 2.52
% change from baseline‡ −3.68 (−6.66, −0.60) −21.38 (−23.81, −18.87) −20.09 (−22.61, −17.48)
Difference from placebo –– −17.70* (−21.55, −13.86) −16.41* (−20.32, −12.50)

2-h glucose, mmol/l
Baseline 9.20± 0.99 9.19± 0.82 9.34± 0.93
Week 7 8.98± 2.27 7.29± 1.67 7.18± 1.54
Change from baseline‡ −0.23 (−0.62, 0.17) −1.93 (−2.33, −1.54) −2.13 (−2.53, −1.73)
Difference from placebo — −1.70* (−2.26, −1.15) −1.90* (−2.46, −1.34)

30 min insulin, pmol/l
Baseline 281.85± 213.99 270.56± 187.94 273.95± 225.93
Week 7 278.20± 264.38 340.62± 252.34 334.32± 260.81
Change from baseline‡ 0.79 (−37.47, 39.04) 67.87 (29.62, 106.13) 59.53 (20.53, 98.53)
Difference from placebo — 67.09† (13.07, 121.10) 58.74† (4.19, 113.29)

Insulinogenic index, pmol/mmol
Baseline 61.68± 53.39 62.70± 50.68 56.51± 51.09
Week 8 61.18± 94.05 116.53± 130.64 99.80± 92.06
Change from baseline‡ −0.44 (−21.08, 20.19) 52.70 (32.07, 73.34) 43.02 (21.94, 64.09)
Difference from placebo — 53.14* (23.96, 82.33) 43.46† (13.96, 72.95)

AUC0–2 h, area under the curve 0–2 h; MTT, meal tolerance test; OGTT, oral glucose tolerance test.
Values are mean± standard deviation, unless noted; to convert insulinogenic index in pmol/mmol to conventional unit, divide by 109.
*p< 0.001 versus placebo; †p< 0.05 versus placebo; ‡LS mean (95% CI).

inhibited was 0.4± 0.04, 81.5± 0.04 and 86.9± 0.05% for the
placebo, sitagliptin 25 and 50 mg groups, respectively.

Safety

Over the 8-week treatment period, no meaningful differences
among treatment groups were observed in the incidence of
AEs (Table 3). No serious AEs were reported. No deaths
occurred during the study. Symptomatic hypoglycaemia, an
AE of special interest, occurred only in the placebo group.
AEs classified by system organ class were distributed similarly
across all treatment groups. A small dose-dependent increase
was observed in the incidence of overall AEs; however, this
increase was attributable to a variety of disparate AEs and not
to a dose-dependent increase in any specific AE or group of
closely related AEs. The 95% CIs around the between-group
differences (vs placebo) in the incidences of overall AEs and

of drug-related AEs included zero. No serious AEs or AEs
leading to discontinuation of study treatment occurred in
this study. A patient in the sitagliptin 25 mg treatment group
discontinued taking the study drug because of an AE of hepatic
function abnormality, when exclusionary baseline alanine
aminotransferase/aspartate aminotransferase values became
available from the central laboratory.

In neither treatment group were predefined limits of change
criteria met in ≥4 subjects for any specific laboratory analyte.
No clinically relevant changes from baseline in the mean values
for laboratory variables, body weight, vital signs and 12-lead
ECG variables were reported.

Discussion
The present report provides the first detailed analysis of the
effects of sitagliptin, a selective DPP-4 inhibitor [26], in a
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Figure 2. Treatment effects on plasma glucose (A), insulin (B) and glucagon (C) levels during meal tolerance test (MTT) at baseline ( ) and at week 8 of
treatment ( ) and on glucose (D) and insulin (E) during oral glucose tolerance test (OGTT) at baseline ( ) and at week 7 of treatment ( ). Data shown are
mean± standard error.

population of subjects with IGT. Sitagliptin has been shown to
be an effective and well tolerated oral antihyperglycaemic agent
when used as monotherapy or as add-on therapy in patients
with T2DM [27], but its effects in subjects with IGT have
previously been evaluated only in a small cohort of patients
newly diagnosed with IGT or those with T2DM identified after
hospitalization for acute coronary syndrome [21].

In Japanese subjects with IGT, sitagliptin treatment for
7–8 weeks resulted in reductions in post-challenge glu-
cose excursions during both an MTT and an OGTT. The

observation that treatment with sitagliptin increased the early
insulin response to the glucose load during the OGTT, and
reduced circulating glucagon levels during the MTT, may
help explain the effects of sitagliptin in the clinical context
of IGT. Both compromised early insulin release and lack of
glucagon suppression in response to glucose challenge have
been identified as key aspects of IGT. These defects contribute
to the hyperglycaemia seen in patients with IGT, and to the
progression of worsening hyperglycaemia, leading to the onset
of T2DM [28]. In the present study, improvement in glycaemic
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Table 3. Summary of adverse events.

Placebo Sitagliptin 25 mg once daily Sitagliptin 50 mg once daily

AE summary
Subjects in population N= 81 (%) N= 82 (%) N= 78* (%)

With≥1 AE 25 (30.9) 28 (34.1) 32 (41.0)
With no AE 56 (69.1) 54 (65.9) 46 (59.0)
With drug-related†AE 10 (12.3) 5 (6.1) 7 (9.0)
With serious AE 0 (0.0) 0 (0.0) 0 (0.0)
With serious drug-related AE 0 (0.0) 0 (0.0) 0 (0.0)
Who died 0 (0.0) 0 (0.0) 0 (0.0)
Discontinued because of an AE 0 (0.0) 0 (0.0) 0 (0.0)

Specific AEs
Hypoglycaemia 7 (8.6) 5 (6.1) 4 (5.1)

Symptomatic hypoglycaemia 2 (2.5) 0 (0.0) 0 (0.0)
AEs classified by system organ classes with incidence ≥4 in one or more treatment groups

Gastrointestinal disorders 5 (6.2) 4 (4.9) 7 (9.0)
Infections and infestations 8 (9.9) 11 (13.4) 12 (15.4)
Metabolism and nutrition disorders 7 (8.6) 5 (6.1) 4 (5.1)
Respiratory, thoracic and mediastinal disorders 3 (3.7) 5 (6.1) 1 (1.3)

AE, adverse event.
*One subject in the placebo group who took sitagliptin 50 mg once daily because of a prescription error was handled as a subject in the sitagliptin 50 mg
once daily group in the safety analysis.
†Determined by the investigator to be related to the drug.

control was accompanied by improvement in both of these
defects. The mean insulin level measured 30 min after the
glucose challenge during the OGTT in subjects treated with
either 25 or 50 mg sitagliptin was significantly higher than that
of subjects treated with placebo. Consistent with this finding, in
sitagliptin-treated subjects plasma glucose levels were reduced
compared with placebo at the earliest measured time points
after the glucose challenge during the OGTT. The improved
early insulin response to glucose may be responsible for the
reduction in magnitude of the late insulin response in both the
OGTT and the MTT, the reduction in plasma insulin AUC0–2h
during the MTT, and the improvement in the insulinogenic
index calculated from data gathered during the OGTT, all
associated with sitagliptin treatment. Glucose-lowering, and
hence reduction in total plasma insulin, may also result from
the effect of sitagliptin treatment on plasma glucagon levels.
During the 2-h MTT, incremental plasma glucagon levels were
reduced compared with placebo treatment, consistent with the
effects of sitagliptin on the stabilization of active glucagon-like
peptide-1 [29].

Compared with placebo, treatment with 50 mg sitagliptin for
8 weeks yielded a small, but statistically significant, reduction in
FPG, while treatment with 25 mg sitagliptin treatment did not
reduce FPG. Both active treatments yielded small, though sta-
tistically significant, reductions in HbA1c. In the cases of both
FPG and HbA1c, the modest reductions in these glycaemic
measures are consistent with the modest degree of hypergly-
caemia present in the study population at baseline. Consistent
with the improvements observed in individual efficacy end-
points, a greater percentage of patients could be considered to
have normoglycaemia after 7 weeks of treatment with either
dose of sitagliptin compared with placebo.

No consistent dose-dependent effects of sitagliptin on the
measured glycaemic variables were seen; however, this study

was not powered to distinguish between small differences
in response to treatment that might be expected to occur
with 25 versus 50 mg sitagliptin in a mildly hyperglycaemic
patient population. It is possible that observation of significant
dose-dependent improvements in FPG or in glycaemic mark-
ers during an MTT or an OGTT will require a study in a larger
patient population.

All active treatments were well tolerated, and no increases
in the incidence of hypoglycaemia or gastrointestinal AEs were
observed. This observation is consistent with previous evalua-
tions of the safety and tolerability of sitagliptin [30].

Previous evaluation of another DPP-4 inhibitor, vildagliptin,
in patients with IGT found that after 12 weeks of treatment,
there was a reduction from baseline in prandial glucose
excursions and in HbA1c [20]; however, unlike the expe-
rience with 50 mg sitagliptin reported in the present study,
12 weeks of treatment with vildagliptin did not reduce FPG
[20]. In studies of patients with IFG, 8 weeks of treatment
with sitagliptin 100 mg daily did not alter either fasting or
postprandial glucose [31], while 6 weeks of treatment with
vildagliptin 100 mg daily significantly decreased the incremen-
tal area under the glucose curve during an MTT but did not
change FPG [32]. While there are observed differences in these
studies, cross-study comparison should not be made because
of differences in study design, subject population and other
factors.

The effects of sitagliptin in subjects with IGT are consistent
with its effect in subjects with T2DM, in whom it improves
not only glycaemic control but also 𝛽-cell function [18,19,33].
Other antihyperglycaemic agents effective in patients with
T2DM have been reported to significantly reduce progression
of subjects with IGT to T2DM [9]. The results of these studies
cannot be compared with the current exploratory evaluation,
as all had duration of 0.9–3.2 years, compared with the present
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8-week study. In Japan, voglibose has been approved for sup-
pression of onset of T2DM [17], and the American Diabetes
Association consensus statement highlights metformin as an
option in selected individuals with IGT [15]. Given the results
of the present study, and considering the safety and tolerability
profile of sitagliptin [30], it is possible that sitagliptin treatment
would provide a safe and effective reduction in progression to
T2DM in patients with IGT; however, evaluating the effect on
IGT in a broader population and over a more extended period
of time will be required to evaluate this hypothesis.
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