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Background: This study aimed to evaluate the efficacy and safety of linagliptin (a novel dipeptidyl peptidase (DPP)-4 inhib-
itor) on glucose metabolism and B-cell function in Chinese patients with newly-diagnosed, drug-naive type 2
diabetes mellitus (T2DM).

Material/Methods: Newly-diagnosed and drug-naive T2DM patients were enrolled. After 4-week lifestyle modulation and 2-week
placebo run-in, 57 patients were randomized to double-blind treatment with linagliptin (n=34) or placebo (n=23).
The primary endpoint was the change from baseline in glycosylated hemoglobin Alc (HbAlc) after 24 weeks.
Fasting plasma glucose (FPG), 2-h postprandial plasma glucose (2h-PPG), fasting insulin, proinsulin-to-insulin
ratio, homeostasis model assessment of insulin resistance (HOMA-IR), and homeostasis model assessment of
B-cell function (HOMA-B) were also evaluated.

Results: Baseline characteristics were similar between the 2 groups. Compared with placebo, linagliptin therapy re-
sulted in a significant decrease in HbA1C (-1.240.7% vs. —0.4+0.4%, P<0.001), FBG (-0.98+1.17 vs. —0.32+0.51
mmol/L, P=0.011, and 2h-PPG (-2.02+0.94 vs. -0.97+0.63 mmol/L, P<0.001). Significant differences were ob-
served for the proinsulin/insulin ratio (P<0.001) and HOMA-} index (P=0.001). Rates of adverse events were
similar between the 2 groups (30.3% vs. 27.3%). All adverse events were mild. One patient discontinued par-
ticipation due to pregnancy.

Conclusions: Linagliptin treatment resulted in a significant and clinically meaningful improvement of glycemic control in
drug-naive Chinese patients with T2DM, as well as improved parameters of B-cell function. Linagliptin had an
excellent safety profile.
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Material and Methods

Diabetes imposes a high burden on modern society, and type
2 diabetes mellitus (T2DM) accounts for 90% of all cases [1].
T2DM affects about 380 million people worldwide [1], including
about 100 million individuals in China, where the prevalence in
people >20 years old is estimated to be up to 9.7% [2]. Many
patients with T2DM remain inadequately managed, which re-
sults in progressively declining glycemic control [3].

Oral antidiabetic drugs (OADs) present multiple drawbacks
such as treatment-limiting adverse effects, including hypo-
glycemia, gastrointestinal (Gl) disorders, edema, and weight
gain [4]. In addition, sulfonylureas may also lead to declined
estimated glomerular filtration rate (eGFR), end-stage renal
disease (ESRD), or even death [5].

Dipeptidyl peptidase-4 (DPP-4) inhibitors are the most recent-
ly developed OADs, with a unique mechanism of action that
increases endogenous glucagon-like peptide (GLP)-1 levels,
thereby promoting glucose-dependent insulin secretion via
pancreatic B-cells, reducing glucagon secretion via a-cells, sup-
pressing appetite, and delaying gastric emptying [6].

Linagliptin is a new DPP-4 inhibitor that is primarily excreted
via the bile, improving its renal safety [7]. Several large stud-
ies from Asia and other continents have demonstrated clini-
cally meaningful improvements in glycemic control, enhanced
B-cell function, and a good safety profile of linagliptin 5 mg
alone or in combination with other OADs [8-12]. In a Chinese
study, when combined with sulfonylureas and metformin, pla-
cebo-corrected changes in HbA1c induced by linagliptin were
-0.7+0.14%, and changes in fasting plasma glucose (FPG)
reached —1.0 mmol/L [13]. When combined with metformin in
Chinese patients, placebo-corrected changes in HbA1lc induced
by linagliptin were —0.5240.09% [12]. In Chinese patients with
T2DM, high postprandial plasma glucose (PPG) levels are fre-
quent because the traditional Chinese diet is rich in carbohy-
drates (rice and flour) [14]. Metformin mainly decreases FPG,
while DPP-4 mainly inhibits PPG [15]. Therefore, DPP-4 inhib-
itors could be more efficient in Chinese patients consuming a
traditional Chinese diet.

However, there is a lack of data about linagliptin monothera-
py in Chinese patients with newly diagnosed T2DM. Therefore,
this randomized, double-blind, parallel-group trial was carried
out to examine the efficacy and safety of linagliptin as initial
therapy in treatment-naive Chinese patients with newly-di-
agnosed T2DM.

Study design

This randomized, placebo-controlled, double-blind study was
carried out in accordance with the International Conference
on Harmonization Guideline for Good Clinical Practice, the
Declaration of Helsinki, and relevant Chinese laws/regula-
tions. The trial was approved by the Ethics Committee of the
First Affiliated Hospital of Wenzhou Medical University and all
patients provided written informed consent before participa-
tion. This study was carried out at the First Affiliated Hospital
of Wenzhou Medical University (China).

Patients

Fifty-seven individuals diagnosed with T2DM at the outpatient
department were enrolled in this trial from September 2013
to January 2014. All patients were treatment-naive before en-
rollment except for diet and physical exercise therapy. T2DM
was diagnosed according to the WHO T2DM diagnostic criteria:
FPG <13.3 mmol/L, baseline HbA1c 7.0-10.0%, body mass in-
dex (BMI) of 20-35 kg/m?, and age 18-80 years. Patients with
type 1 diabetes, secondary diabetes, acute complications of
diabetes, myocardial infarction, stroke, unstable angina, and
coronary artery bypass graft (CABG) in the past 6 months were
excluded from the trial. Patients with congestive heart failure
(CHF), impaired hepatic function (serum alanine aminotransfer-
ase, aspartate aminotransferase or alkaline phosphatase level
exceeding twice the upper limit of normal), thyroid disorders,
chronic intestinal tract disorders, and a history of acute pancre-
atitis or pancreatic tumor were also excluded from the study,
as well as fertile women not using contraceptives.

Design and methods

All patients received health education before run-in. Patients
were randomized to linagliptin (n=34) or placebo (n=23) after
a 2-week placebo run-in period using a computer-generated
random sequence and sealed envelopes prepared in advance.
The assigned medication number was entered in the case re-
port form, and the corresponding medication kit was given to
the patient. The kits were prepared by the pharmacists, who
had no contact with the patients. Using this procedure, both
the participants and investigators were blinded to treatment
allocation. The patients took 1 tablet per day, either linagliptin
(Boehringer Ingelheim, Germany) or linagliptin-matching pla-
cebo. The placebo tablets were identical in appearance to the
linagliptin 5 mg tablet. In the event of a medical emergency re-
quiring the identification of an individual patient’s treatment,
investigators were able to have access to the information. The
efficacy and tolerability of the treatment were assessed at 6,
12, 18, and 24 weeks.
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Physical examination was performed on all patients by medical
professionals at each follow-up. Vitals, height, weight, waist
circumference, and hip circumference were recorded at each
visit. HbA1c and FPG levels were assessed at each visit. At 0,
12, and 24 weeks, tests evaluating liver and kidney functions,
blood lipid profiles, uric acid, urine, and blood amylase were
performed. At 0 and 24 weeks, electrocardiogram (ECG), 2-h
PPG (2h-PPG) levels, fasting insulin levels, and proinsulin were
assessed. In addition, we evaluated the plasma proinsulin/in-
sulin ratios, the homeostasis model assessment indices for in-
sulin resistance (HOMA-IR), and homeostasis model assess-
ment indices for beta-cell function (HOMA-B). HOMA-IR=FPG
(mmol/L)x fasting insulin (mlU/L)/22.5 [16]. HOMA-B=20x fast-
ing insulin (mmol/L)/[FPG (mmol/L)-3.5].

All test results were provided by the Clinical Laboratory Center
of the First Affiliated Hospital of Wenzhou Medical University.
Patients were also invited to disclose any discomfort they may
have been suffering from. Thereafter, based on the physical
examinations, laboratory tests, and patients’ discomforts, AEs
were defined and categorized.

All medication bottles were returned to assess patient medi-
cation compliance: medication compliance%=(dispensed med-
ication-returned medication)/ dispensed medication x100.

Study endpoints

The primary endpoint was the change from baseline in HbAlc
levels with linagliptin vs. placebo treatments at week 24.
Secondary endpoints included changes from baseline FPG
and 2h-PPG values. Exploratory endpoints included changes
in fasting plasma proinsulin/insulin ratio, HOMA-IR, HOMA-,
body weight, blood pressure, plasma lipid levels, plasma cre-
atinine and aminotransferase amounts, and amylase levels.
Safety and tolerability were assessed by the incidence of ad-
verse events (AEs) throughout the study period, and clinically
relevant changes or findings in physical, vitals, ECG, and lab-
oratory assessments. Hypoglycemia was defined according to
American Diabetes Association guidelines [17].

Statistical analyses

A sample size of 50 randomized patients was planned (25
subjects in each group), assuming a 15% drop-out rate. This
would provide 80% power to detect a mean difference of 0.7%
[standard deviation (SD) of 0.8%] in the change from baseline
in HbA1c levels between the linagliptin and placebo groups at
week 24, at a 2-sided significance level of 0.05.

Data are presented as mean +SD. Analysis of covariance
(ANCOVA) was used to assess the differences between the
2 groups. The y? test was used to assess the difference in
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]

| Placebo run-in (N=73) |

—
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25 failed screening |

16 failed screening |

| Linagliptin 5 mg (N=34) | | Placebo (N=23) |

1 discontinued
1 lack of efficacy

1 discontinued
1 adverse event

| Comleted 24 weeks (N=33) | | Comleted 24 weeks (N=22) |

Figure 1. Patient flowchart.
clinical adverse events. Data analysis was carried out using

SPSS 19.0 (IBM, Armonk, NY, USA). P values <0.05 were con-
sidered significant.

Results

Characteristics of the patients

A total of 98 patients were screened; 73 entered the placebo
run-in period and 57 were randomized to study treatment (lin-
agliptin 5 mg, n=34; placebo, n=23). Thirty-three patients com-
pleted treatment in the linagliptin group and 22 in the place-
bo group. One patient discontinued treatment with linagliptin
for incidental pregnancy, and 1 withdrew for lack of efficacy
in the placebo group (Figure 1). Table 1 presents the demo-
graphic and baseline characteristics of the patients. There was
no difference in any of the variables between the 2 groups.

Primary endpoint

Table 2 presents the biochemical variables after 24 weeks of
treatment. HbA1c levels in the placebo group were 7.59+0.53%,
and there were lower in the linagliptin group (6.77+0.67%;
P<0.001) (Table 2).

Secondary endpoints and exploratory endpoints

After 24 weeks of treatment, compared with the placebo group,
those who received linagliptin showed lower levels of FPG
(linagliptin: 6.75+0.86 mmol/L; placebo: 7.43+1.00 mmol/L;
P=0.001), 2h-PPG (linagliptin: 8.32+0.68 mmol/L; placebo:
9.24+0.63 mmol/L; P<0.001), and the proinsulin-to-insulin ra-
tio (0.21+0.03 vs. 0.22+0.03, P=0.002) (Table 2). There was no
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Table 1. Baseline characteristics and parameters between the two study groups.

Placebo
Age (years) 51.2+7.5
male® s0
Bodyweight k) 65241845
CemiGgm) 24110228
CFG (mmolt) 7758132
PG (mmoll)  1021:084
CWbAlcG 800:069
CTCEmoy sa1:072
CHDLC (nmol) 1072012
oLCmmoy 2461056
6 mmoly 1715059
HoMAR 2015092
CHomap n112642
CSeP(mmHg) 133651191
DBP (mHg) 81391696
Castom 25611433
atom 26131655
Csormoy 6859£1035
CAmylasewn) 672581256
e 023:003

Linagliptin P
52.5£11.0 0.610
""""""""""" 7 o023
"""""""" 67054812 04
"""""""" 24374200 oees
""""""""" 779112 o8
C wosam23 0oses
""""""""" 7975068  o0ssa
""""""""" 678079 o34
""""""""" L09:015  oe0
""""""""" 2631060 0091
""""""""" 1755043 o078
""""""""" 276s101 0595
"""""""" max1313  o0s0
© 1esos13ss 0aes
"""""""" glo0s569 0818
"""""""" 24188456 0312
"""""""" 26158687  o8;8
"""""""" 725641107  o0le0
"""""""" 69.0941699  o04sa
""""""""" 024:004 o102

BMI — body mass index; FPG — fasting plasma glucose; PPG — postprandial plasma glucose; HbAlc — hemoglobin Alc;

TC - total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; TG — triglyceride;
HOMA-IR — homeostasis model assessment insulin resistance; HOMA-B — homeostasis model assessment B-cell index;

SBP — systolic blood pressure; DBP — diastolic blood pressure; AST — aspartate aminotransferase; ALT — alanine aminotransferase,

sCr — serum creatine.

difference in the other variables such as body weight, lipid pro-
file, blood pressure, liver markers, and amylase.

Safety

The rates of AEs with linagliptin were comparable to those of
placebo after 24 weeks (linagliptin: 30.3%; placebo: 27.3%)
(Table 3). No serious adverse events (SAEs) occurred during
the study. In the linagliptin group, 3 hypoglycemic events oc-
curred in 1 patient, with self-reported capillary blood glucose
levels of 3.5 mmol/L, 3.7 mmol/L, and 3.7 mmol/L. The symp-
toms were relieved after eating. No hypoglycemic events oc-
curred in the placebo group.

The most common type of AE was upper respiratory tract in-
fections (URTI). There were 3 cases of URTI with linagliptin 5
mg and 2 with the placebo, all of which were mild. No signifi-
cant difference was found in weight or BMI in either group at
baseline and after 24 weeks (P>0.05). In addition, there was no
difference in abnormal laboratory tests between the 2 groups.
No meaningful difference between treatment groups was ob-
served in changes in serum creatinine, alanine aminotrans-
ferase, aspartate aminotransferase, blood amylase, triglycer-
ide, total cholesterol, low-density lipoprotein cholesterol, and
high-density lipoprotein cholesterol levels (all P>0.05). There
was no clinically meaningful change in ECG or vitals after lin-
agliptin treatment. No patients discontinued the trial medi-
cation due to AEs.
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Table 2. Outcomes after 24 weeks of treatment with linagliptin or placebo.

Placebo Linagliptin 4

HbA1lc (%) 7.59+0.53 6.77+0.67 <0.001*

P/l 0.22+0.03 0.21+0.03 0.002*

BMI — body mass index; FPG — fasting plasma glucose; PPG — postprandial plasma glucose; HbAlc — hemoglobin Alc;

TC - total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; TG — triglyceride,
HOMA-IR — homeostasis model assessment insulin resistance; HOMA-3 — homeostasis model assessment B-cell index;

SBP — systolic blood pressure; DBP — diastolic blood pressure; AST — aspartate aminotransferase; ALT — alanine aminotransferase;
sCr — serum creatine.

Table 3. Adverse effects in the linagliptin and placebo groups over 24 weeks.

Linagliptin 5 mg (n=33) Placebo (n=22)

Number of patients having >1 AE 10 (30.3) 6 (27.3)

Hypoglycemia 1 (3.0 0 (0.0)
"""" Upper respiratory infecton 3 @ 2 ©)
"""" « 3 @y 1 ay
"""" Renalorurinay 1 @9 0o 00
"""" Musculoskeletal and connective tissee 1 @o) 1 @5
"""" Nevoussysten? 0o ©o 1 @s
"""" Skinand subcutaneous tissee 1 @0 1 @s

AE — adverse event; Gl — gastrointestinal. All data are presented as n (%). * Determined by the investigator as possibly, probably or
definitely drug-related.
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Discussion

In this 24-week study assessing newly-diagnosed T2DM and
drug-naive Chinese patients, linagliptin monotherapy achieved
significantly higher reductions in HbAlc levels than placebo,
and showed an overall safety profile similar to that of the pla-
cebo. The absolute change in HbAlc was more pronounced
than that observed in previous linagliptin studies conducted
in Chinese and other Asian populations, in which linagliptin
was often used in combination [10-13]. This may be because
the subjects included in the present study were all drug-naive.
These results are consistent with other results of DPP-4 inhib-
itors’ effects on HbA1lc levels in Asian patients with T2DM in-
adequately controlled by diet and exercise [18].

Linagliptin was shown to modulate the fasting proinsulin-to-
insulin ratio, indicative of B-cell function. The findings corrob-
orated the increased availability of endogenous GLP-1, as ob-
served with other DPP-4 inhibitors [19,20].

Blood pressure was reduced in the linagliptin group, with sys-
tolic blood pressure decreasing from 136.60+13.55 mmHg to
129.06+13.09 mmHg, while diastolic pressure ranged from
81.00+5.69 mmHg to 78.42+4.94 mmHg. These differences at
24 weeks were significant compared with baseline (data not
shown). However, the reduction in blood pressure was similar
between the 2 groups. Reduction in systolic and diastolic pres-
sure was likely caused by persistent control of diet and physical
exercise in both groups. In addition, the recruitment was con-
ducted in winter, with most participants last observed in summer,
and the change in seasons and climate might have contributed
to blood pressure reduction [21]. Increases in GLP-1 decreases
salt intake and therefore blood pressure [22,23], but the pres-
ent study was not powered to provide an answer to this issue.

Linagliptin was well tolerated in the present study, with an AE
profile similar to that of placebo. Only 1 in 33 patients showed
mild hypoglycemia in the linagliptin group. Given the mecha-
nism of action of this agent, linagliptin monotherapy was not
associated with an increased risk of hypoglycemia or clinical-
ly significant changes in body weight. The common AEs ob-
served in this study were upper respiratory tract infections and
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Gl disorders, consistent with a previous study in Chinese indi-
viduals [13]. Pancreatitis is a possible AE with GLP-1 or DPP-
4 inhibitor therapy strategies. After 24 weeks of observation,
no significant increase in liver and pancreatic enzymes was
found, and no patients complained of acute abdominal pain.
Therefore, occurrence of pancreatitis is not associated with
treatment with linagliptin, in accordance with published re-
ports [24]. However, studies with larger samples are required
to correctly assess this issue.

A few limitations of this study need to be addressed. First, the
sample size was small, and the age range was wide; this was
because we aimed to recruit patients with newly-diagnosed
T2DM, and because the prevalence of T2DM in Chinese adults
>20 years old is of about 10%. Second, drug-naive patients with
newly-diagnosed T2DM were enrolled, and the results cannot
be generalized to individuals who are already being treated.
Third, 24 weeks of follow-up does not allow assessment of
long-term glycemic control or comprehensive AEs. Finally, this
study was carried out in China, and cannot be generalized to
the global population. Therefore, linagliptin efficacy on hyper-
glycemia and prevention of B-cell function deterioration needs
to be further investigated in large-scale and long-term studies.

Conclusions

In conclusion, linagliptin 5 mg taken once daily provides supe-
rior glycemic control compared with placebo, and has a compa-
rable safety profile in Chinese drug-naive patients with T2DM.
B-cell function improvement makes this molecule a new op-
tion for Chinese patients with inadequate control of T2DM and
who never received hypoglycemic agents.
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