
Effects of linagliptin monotherapy compared with
voglibose on postprandial blood glucose responses
in Japanese patients with type 2 diabetes:
Linagliptin Study of Effects on Postprandial blood
glucose (L-STEP)

Yoshio Fujitani a,c, Shimpei Fujimoto f, Kiyohito Takahashi g, Hiroaki Satoh h,
Takahisa Hirose i, Toru Hiyoshi j, Masumi Ai k, Yosuke Okada l, Masahiko Goshom,
Tomoya Mita a,d, Hirotaka Watada a,b,c,d,e,*

aDepartment of Metabolism & Endocrinology, Juntendo University Graduate School of Medicine, Tokyo, Japan
bCenter for Beta-Cell Biology and Regeneration, Juntendo University Graduate School of Medicine, Tokyo, Japan
cCenter for Therapeutic Innovations in Diabetes, Juntendo University Graduate School of Medicine, Tokyo, Japan
dCenter for Molecular Diabetology, Juntendo University Graduate School of Medicine, Tokyo, Japan
e Sportology Center, Juntendo University Graduate School of Medicine, Tokyo, Japan
fDepartment of Endocrinology, Metabolism and Nephrology, Kochi Medical School, Kochi University, Nankoku-shi, Kochi, Japan
gTakahashi Kiyohito Clinic, Hakodate, Hokkaido, Japan
hDepartment of Nephrology, Hypertension, Diabetology, Endocrinology, and Metabolism, Fukushima Medical University, Fukushima, Japan
iDivision of Diabetes, Metabolism, and Endocrinology, Department of Medicine, Toho University School of Medicine, Tokyo, Japan
j Japanese Red Cross Medical Center, Tokyo, Japan
kDepartment of Insured Medical Care Management, Tokyo Medical and Dental University (TMDU), Tokyo, Japan
l First Department of Internal Medicine, School of Medicine, University of Occupational and Environmental Health, Kitakyushu-shi, Japan
mDepartment of Clinical Trial and Clinical Epidemiology, Faculty of Medicine, University of Tsukuba, Ibaraki, Japan

A R T I C L E I N F O

Article history:

Received 18 June 2016

Received in revised form

18 August 2016

Accepted 2 September 2016

Available online 22 September 2016

Keywords:

DPP4 inhibitor

Alpha-glucosidase inhibitor

Postprandial hyperglycemia

Type 2 diabetes mellitus

A B S T R A C T

Aims: To compare the efficacy on glycemic parameters between a 12-week administration

of once-daily linagliptin and thrice-daily voglibose in Japanese patients with type 2 dia-

betes.

Methods: In a multi-center, randomized, parallel-group study, 382 patients with diabetes

were randomized to the linagliptin group (n = 192) or the voglibose group (n = 190). A meal

tolerance test was performed at weeks 0 and 12. Primary outcomes were the change from

baseline to week 12 in serum glucose levels at 2 h during the meal tolerance test, HbA1c

levels, and serum fasting glucose levels, which were compared between the 2 groups.

Results: Whereas changes in serum glucose levels at 2 h during the meal tolerance test did

not differ between the groups, the mean change in HbA1c levels from baseline to week 12

in the linagliptin group (�0.5 ± 0.5% [�5.1 ± 5.4 mmol/mol]) was significantly larger than in

the voglibose group (�0.2 ± 0.5% [�2.7 ± 5.4 mmol/mol]). In addition, there was significant

difference in changes in serum fasting glucose levels (�0.51 ± 0.95 mmol/L in the linagliptin

http://dx.doi.org/10.1016/j.diabres.2016.09.014
0168-8227/� 2016 Elsevier Ireland Ltd. All rights reserved.

* Corresponding author at: Department of Metabolism & Endocrinology, Juntendo University Graduate School of Medicine, 2-1-1 Hongo,
Bunkyo-ku, 113-8421 Tokyo, Japan.

E-mail address: hwatada@juntendo.ac.jp (H. Watada).

d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 2 1 ( 2 0 1 6 ) 1 4 6 –1 5 6

Contents available at ScienceDirect

Diabetes Research
and Clinical Practice

journal homepage: www.elsevier.com/locate/diabres

http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2016.09.014&domain=pdf
http://dx.doi.org/10.1016/j.diabres.2016.09.014
mailto:hwatada@juntendo.ac.jp
http://dx.doi.org/10.1016/j.diabres.2016.09.014
http://dx.doi.org/10.1016/j.diabres.2016.09.014
http://dx.doi.org/10.1016/j.diabres.2016.09.014
http://www.sciencedirect.com/science/journal/01688227
http://www.elsevier.com/locate/diabres


group vs. �0.18 ± 0.92 mmol/L in the voglibose group, P < 0.001). The incidences of hypo-

glycemia, serious adverse events (AEs), and discontinuations due to AEs were low and sim-

ilar in both groups. However, gastrointestinal AEs were significantly lower in the linagliptin

group (1.05% vs. 5.85%; P = 0.01).

Conclusions: These data suggested that linagliptin monotherapy had a stronger glucose-

lowering effect than voglibose monotherapy with respect to HbA1c and serum fasting glu-

cose levels, but not serum glucose levels 2 h after the start of the meal tolerance test.
� 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Early type 2 diabetes is characterized by postprandial hyper-

glycemia [1]. Postprandial hyperglycemia plays an important

role in the development of cardiovascular complications in

patients with type 2 diabetes mellitus (T2DM) [2] and people

with impaired glucose tolerance (IGT) [3]. Postprandial hyper-

glycemia also plays an important role in accelerating pancre-

atic b-cell failure by imposing increased insulin secretory

demands on pancreatic b cells, leading to the development

of T2DM in patients with IGT. Thus, postprandial glycemic

excursion is a favorable treatment target for patients with

early stage T2DM, with respect to the inhibition of both dis-

ease progression and cardiovascular complications.

Alpha-glucosidase inhibitors (a-GIs) prevent the digestion

of carbohydrates, and reduce postprandial blood glucose

excursion [4,5]. The a-GI acarbose was shown to improve

postprandial hyperglycemia and impaired endothelial func-

tion in patients with T2DM [6,7] and to attenuate the risk of

cardiovascular events in patients with T2DM [8] and in indi-

viduals with IGT [4]. Voglibose, another a-GI, when used

together with lifestyle modifications, can prevent the devel-

opment of T2DM in high-risk Japanese individuals with IGT

[5]. Supported by evidence from these clinical trials, a-GIs

have been widely prescribed as a primary treatment in Japan

for patients with T2DM that cannot be controlled by lifestyle

modifications.

On the other hand, dipeptidyl peptidase (DPP)-4 inhibitors

prevent the degradation of endogenous glucagon-like

peptide-1 (GLP-1), which in turn enhances glucose-

dependent insulin secretion from pancreatic b cells, and

reduces glucagon secretion from a cells, which potentially

suppresses postprandial glycemic excursions [9–11]. DPP-4

inhibitors are generally well tolerated and do not affect body

weight.

Linagliptin is a highly selective, once-daily oral DPP-4 inhi-

bitor used worldwide in more than 80 countries, including the

United States, Europe, and Japan for the treatment of patients

with T2DM. Whereas many other DPP-4 inhibitors that are

available today are excreted mostly via the renal route [12],

linagliptin is selectively excreted via the bile and gut, making

it suitable for use without dose adjustment in patients with

renal dysfunction [13]. In clinical studies, linagliptin was

reported to be as effective on glycemic parameters as met-

formin and sulfonylureas [14]. The safety profile of linagliptin

was more favorable than that of a sulfonylurea regarding

hypoglycemia and body weight gain. A composite endpoint

(consisting of a combination of HbA1c < 7% without hypo-

glycemia and without weight gain) was achieved more fre-

quently in patients treated with linagliptin in comparison

with patients treated with the sulfonylurea glimepiride [14].

Linagliptin had a better safety profile than glimepiride with

respect to a combined cardiovascular endpoint, including

stroke [14].

To date, the effect of two types of diabetes agents, namely,

the DPP-4 inhibitor linagliptin, and the a-GI voglibose on post-

prandial glucose response in patients with T2DM has not

been directly compared. We hence conducted a randomized

prospective multicenter study that we named the Linagliptin

Study of Effects on Postprandial blood glucose (L-STEP) to

compare the effects of linagliptin and voglibose on postpran-

dial hyperglycemia, as assessed by the meal tolerance test

and other glycemic parameters in patients with T2DM and

those with insufficient glycemic control despite diet and

exercise.

2. Methods

2.1. Study design and patients

Japanese patients with T2DM who periodically visited the

outpatient clinic of the 44 institutions in Japan listed in the

supplementary material (Appendix S1) were asked to

participate in this study. The first patient was enrolled on

October 12, 2012, and the last patient visit occurred on April

16, 2014.

The study enrolled patients with T2DM who were 20 years

of age or older and who had inadequate glycemic control

(haemoglobin A1c [HbA1c] 6.2–9.4% [44.2–79.2 mmol/mol] in

those previously untreated with oral anti-diabetes drugs

(OADs) irrespective of sex; and 6.2–9.4% [44.2–79.2 mmol/mol]

after washout in those already receiving one or two OADs for

P12 weeks). Key exclusion criteria were (1) type 1 or sec-

ondary diabetes, (2) presence of severe infectious disease

either before or after surgery, or severe trauma, (3) history

of myocardial infarction, angina pectoris, cerebral stroke, or

cerebral infarction, (4) severe liver dysfunction (aspartate

aminotransferase [AST]P 100 IU/L), (5) moderate or severe

heart failure (New York Heart Association stage III or greater),

(6) receiving treatment with an incretin preparation, such as

other DPP-4 inhibitors, at the start of the study, (7) received

treatment with any type of antidiabetes drug within the pre-

vious 3 months and/or a history of known intolerance, allergy,

or hypersensitivity to voglibose or any other concomitant
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