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Purpose: The nature of biomedical research affords a broad range of investigational topics 

at the preclinical stage, not all of which may be explored in subsequent clinical studies. To 

provide a comprehensive perspective on the physiologic effects of the dipeptidyl peptidase-4 

inhibitor linagliptin, this review will discuss the results of both preclinical and clinical research, 

summarizing data describing outcomes associated with its use.

Summary: Clinical studies demonstrate an overall favorable safety profile, low risk for hypogly-

cemia, weight neutrality, primarily nonrenal clearance, and efficacy for glycosylated hemoglobin 

reduction, typically ranging from 0.6% to 0.8% depending on baseline levels. In addition to 

these characteristics, preclinical research on linagliptin has yielded several interesting findings 

such as improved wound healing, reduced hepatic fat content, decreased infarct size following 

myocardial infarction or intracranial stroke, and improved vascular function with decreased 

oxidative stress. In accordance with its preclinical profile, linagliptin is unique among available 

dipeptidyl peptidase-4 compounds because it does not require dose adjustment when used in 

patients with renal dysfunction. Reduction of albuminuria with linagliptin on top of inhibitors 

of the renin–angiotensin–aldosterone system in both preclinical and post hoc clinical analysis 

serves as the foundation for ongoing clinical trials.

Conclusion: In addition to its efficacy for glycemic control, current literature points to other 

potential opportunities associated with linagliptin therapy. These results warrant further 

 investigation and underscore the importance of translational study based on findings from 

 preclinical research. Moving forward, we can expect that future research on linagliptin and other 

incretin-based therapies will continue to expand their applications beyond the maintenance of 

glycemic control in patients with type 2 diabetes.

Keywords: dipeptidyl peptidase-4 inhibitor, linagliptin, type 2 diabetes

Introduction
Inhibitors of the enzyme dipeptidyl peptidase-4 (DPP-4) enhance the effects of the 

incretin hormones glucagon-like peptide-1 (GLP-1) and gastric inhibitory peptide-1 

(GIP-1). These hormones are secreted by epithelial cells of the distal ileum and colon 

in response to ingestion of a meal (Figure 1).1 Following absorption into the hepatic 

portal circulation, GLP-1 then binds to receptors in various tissues, including pancreatic 

α- and β-cells. This action sensitizes pancreatic tissue to intracellular glucose concen-

trations, leading to enhanced secretion of insulin in the presence of elevated plasma 

glucose.2 The enzyme DPP-4 is a serine protease present in various body tissues, and 

as an integral component of incretin-mediated signaling serves to terminate the actions 

of the gastric hormones GLP-1 and GIP-1.3,4 Thus, by preventing the degradation of 

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S59523
mailto:john.doupis@joslin.harvard.edu


Drug Design, Development and Therapy 2014:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

432

Doupis

incretin hormones, DPP-4 inhibitors prolong the physiologic 

effects of these molecules.5,6 Extended GLP-1 signaling that 

results from DPP-4 inhibition leads to enhanced, physiologi-

cally regulated insulin secretion based on plasma glucose 

concentration.2,4,7

Linagliptin is a DPP-4 inhibitor approved in the US and 

elsewhere for the treatment of type 2 diabetes.8 Like others 

in the class, linagliptin is a competitive, reversible inhibitor 

of DPP-4.2,9 In contrast to other agents in the class,7 however, 

early studies in animal models demonstrated that linagliptin 

is almost completely (99%) bound to plasma proteins (mainly 

the DPP-4 enzyme) at the 5 mg therapeutic concentration, 

perhaps because of its high binding affinity and nonpolar 

surface area.9,10 Likely by virtue of its extensive binding char-

acteristics, in human studies it was determined that  linagliptin 

is cleared mainly by hepatobiliary mechanisms.2,9,10 A key 

clinical consequence of this property is that linagliptin can 

be used without dose reduction in patients with declining 

renal function. This paper will review the results of pre-

clinical and clinical research on linagliptin, summarizing 

data describing its efficacy and safety profile, tolerability, 

effects on body weight, potential use in patients with renal 

dysfunction, putative effects on wound healing, and changes 

in cardiovascular markers.

Methods
PubMed searches were conducted for published studies of 

linagliptin in either humans or animal models. The follow-

ing terms and their derivatives were used to search among 

English language publication titles for specific topics in 

the PubMed database: linagliptin [ti] AND (weight [ti] OR 

mass [ti] OR BMI [ti]); linagliptin [ti] AND (myocardial OR 

cardiovascular OR lipid* OR cholesterol OR triglyceride* 

OR pressure); linagliptin [ti] AND (renal OR kidney OR 

filtration OR GFR OR creatinine); linagliptin [ti] AND (age* 

OR elder*). When needed, results were restricted to clini-

cal trials for targeted searches or expanded to title/abstract 

using the available PubMed limiters to increase the number 

of results. No date restrictions were specified. Abstracts 

were qualitatively reviewed and individually selected based 

on their relevance to the specific topics covered in this 

manuscript. Literature articles considered relevant based on 

abstract assessment were obtained and further evaluated, 

with attention given to references cited in these articles to 

broaden the scope of the review.

Results
Preclinical pharmacology
Chemistry
DPP-4 inhibitors are synthesized from unrelated chemical 

scaffolds, resulting in unique pharmacologic properties for 

each agent (Figure 2). Linagliptin is an inhibitor of DPP-4 

derived by chemical coupling of xanthine and quinazoline 

derivatives.8 The chemical name for linagliptin is 1H-purine-

2,6-dione, 8-[(3R)-3-amino-1-piperidinyl]-7-(2-butyn-1-yl)-

3,7-dihydro-3-methyl-1-[(4-methyl-2-quinazolinyl)methyl]-, 

the structural formula is C
25

H
28

N
8
O

2
, and the molecular 

weight is 472.54 g/mol.2

Pharmacokinetics
Initial preclinical pharmacokinetic studies suggested that 

linagliptin can be characterized by low bioavailability. 

Incretin degradation
(blocked by DPP-4 inhibition)

GLP-1

DPP-4 enzyme 

• Glucose-mediated insulin secretion
• Glucagon suppression
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Figure 1 Dipeptidyl peptidase-4 inhibition prolongs the active state of the gut 
hormone glucagon-like peptide, leading to enhanced insulin secretion in the presence 
of elevated plasma glucose.
Abbreviations: DPP-4, dipeptidyl peptidase-4; GiP, gastric inhibitory peptide; 
GLP-1, glucagon-like peptide.
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Figure 2 Dipeptidyl peptidase-4 inhibitors in current global use.
Note: Peptidomimetic inhibitors contain an amino acid backbone, thus mimicking the 
“peptide” structure that the dipeptidyl peptidase-4 enzyme would naturally cleave.
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Roughly 15% to 51% of the dose administered to Wistar 

rats appeared in the plasma.3,11 This limited bioavailability 

is due to bioabsorption of linagliptin via transport by 

intestinal P-glycoprotein channels. For example, one study 

 demonstrated that inhibition of P-glycoprotein-mediated 

transport with zosuquidar increased the linagliptin maximum 

plasma concentration (C
max

) from 26 to 348 nmol/L in healthy 

Wistar rats.12 Although P-glycoprotein transport accounts for 

low bioavailability of linagliptin, importantly, only minor 

fluctuations in inter- and intraindividual absorption were 

observed.12 Similarly, linagliptin exposure increased from 147 

to 309 nmol ⋅ h/L following P-glycoprotein inhibition. Once 

absorbed into the bloodstream, linagliptin is predominantly 

bound to protein (mostly the target enzyme DPP-4).2 This 

binding explains the primarily enterohepatic mechanism of 

clearance without significant metabolism. Approximately 

12%, 28%, and 49% of linagliptin when administered as 

supraclinical intravenous doses to Wistar rats was eliminated 

as the unchanged parent compound via gut, urine, and bile, 

respectively.12

Pharmacodynamics
Findings from rodent and murine models show that lina-

gliptin is a selective and potent inhibitor of DPP-4, lead-

ing to increases of intact GLP-1 for up to 24 hours after 

a single dose.13,14 In a diabetic rodent model, the effect of 

linagliptin on GLP-1 levels was sustained with multiple 

once-daily dosing.14 These results support a GLP-1–mediated 

mechanism for the use of once-daily linagliptin for treat-

ment of diabetes. In vitro data show that linagliptin has the 

highest potency for inhibiting DPP-4 among the available 

DPP-4 inhibitors, with an inhibitory concentration (IC
50

) of 

approximately 1 nM (compared with 24 nM for alogliptin, 

19 nM for sitagliptin, 50 nM for saxagliptin, and 62 nM for 

vildagliptin).13 Moreover, the disassociation of linagliptin 

from the DPP-4 enzyme is approximately 10-fold slower than 

that of vildagliptin, which contributes to the long duration of 

action and once-daily dosing profile of linagliptin.13

Selectivity
Potential for inhibition of other enzymes in the DPP family 

by agents that target DPP-4 is an important research topic. 

Using animal models and in vitro experiments, Thomas 

et al investigated the potential for off-target inhibition of 

DPP family member enzymatic activity by linagliptin.13 

In this study, measurement of the linagliptin half-maximal 

IC
50

 of various enzymes were 1 nM (DPP-4), 100,000 nM 

(DPP-2), 40,000 nM (DPP-8), 10,000 nM (DPP-9), and 

89 nM  (fibroblast activation protein). Given that linagliptin 

C
max

 following the therapeutic 5 mg dose is known to be 

approximately 9 nM, clinically significant inhibition of 

other off-target DPP family enzymes was not expected in 

clinical trials.

Clinical pharmacology
Pharmacokinetics
Results from Phase I and II studies of linagliptin in healthy 

volunteers and patients with type 2 diabetes were consistent 

with the pharmacologic findings from preclinical studies.2,15 

In accordance with animal studies, linagliptin has a low 

absolute bioavailability of approximately 30%.2 The apparent 

volume of distribution V(d) after administration of a single 

5 mg intravenous infusion in healthy male volunteers is 

1,110 L,15 compared with approximately 70–580 L for most 

other available DPP-4 inhibitors.16 The large V(d) of lina-

gliptin indicates extensive tissue distribution.

As in preclinical studies, binding of linagliptin to blood 

proteins in humans explains enterohepatic clearance from 

the body without significant metabolism.17 Following 

intravenous 5 mg infusion of radiolabeled drug in healthy 

human volunteers, C
max

 of the main linagliptin metabolite 

was only 34 nmol ⋅ h/L compared with 356 nmol ⋅ h/L for 

unmetabolized linagliptin.17 In addition, approximately 31% 

of the intravenous administered dose was eliminated in urine 

versus 58% in feces.12,17 Compared with 5 mg intravenous 

administration, the approved 5 mg oral dose results in lower 

plasma concentrations. Perhaps because of its lower bio-

availability and through desaturation of binding proteins, 

these lower plasma concentrations lead to a greater shift in 

the proportion of linagliptin eliminated in urine/feces. For 

example, in a 12-day study of 5 mg daily oral linagliptin ther-

apy in participants with type 2 diabetes, Heise et al reported 

mean C
max

 and steady state exposure values of 8.32 nmol/L 

and 158 nmol ⋅ h/L, respectively.10 Here, the corresponding 

fraction eliminated in urine was ,7%. In comparison, the 

renal excretion of parent compound or metabolite is $60% 

for other available DPP-4 inhibitors (Figure 3).2,7,18–20 Thus, 

linagliptin is unique among available compounds because 

it does not require dose adjustment or drug-related kidney 

monitoring when used in patients with renal dysfunction. 

Because of the predominantly nonrenal route of elimination 

of linagliptin, an open-label Phase I study evaluated the 

pharmacokinetics of linagliptin in healthy subjects (n=8) and 

participants with mild (n=8), moderate (n=9), or severe (n=8) 

hepatic impairment.21 No increase in linagliptin exposure 

occurred after single or multiple 5 mg doses in participants 
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with varying degrees of hepatic impairment compared with 

healthy controls. Therefore, dose adjustment is not required 

in patients with liver dysfunction.

Pharmacodynamics
The underlying physiologic changes associated with lina-

gliptin therapy in patients with type 2 diabetes result from 

increased levels of GLP-1 and GIP-1.22 Over the course 

of a 28-day study, the lowering of blood glucose follow-

ing treatment with linagliptin was associated with mean 

placebo-corrected, two- to three-fold increases in intact 

GLP-1 (+18.1 pmol ⋅ h/L) and GIP-1 (+91.4 pmol ⋅ h/L). 

Importantly, a decrease in plasma glucagon was also observed 

(−18.7 pg ⋅ h/L), which may suggest the potential for modu-

lation of hepatic glucose production.22 Glucagon levels or 

hepatic glucose production have not yet been fully described 

in most published clinical studies of linagliptin; this, there-

fore, may offer an interesting topic for future research.

Efficacy for improvement  
in glycosylated hemoglobin
Investigation of the effects of a new molecular entity in ani-

mal models of a disease of interest precedes clinical trials, 

with additional preclinical studies examining other off-target 

effects. Consistent with this drug development paradigm, one 

study evaluated the effect of linagliptin administered before 

an oral glucose tolerance test to mice and Zucker fatty rats.13 

The glucose excursion was decreased by approximately 30%–

50% when linagliptin was administered 30–45  minutes before 

the challenge in both species, and by 20%–30% when admin-

istered 16 hours before the challenge in rats. The efficacy of 

linagliptin for lowering of blood glucose was  evaluated in 

streptozotocin-induced diabetic mice.14 In this study, after 

27 days of treatment with linagliptin, mean postprandial 

glucose concentrations significantly decreased by approxi-

mately 10%, and mean glycosylated hemoglobin (HbA
1c

) 

decreased by approximately 1.0%. These studies indicate a 

β-cell–independent effect of linagliptin on overall glucose 

control in this model. Recently, results from an in vitro study 

of human islet cells exposed to diabetic conditions showed 

that linagliptin restored β-cell proliferation and survival 

after glucotoxicity, lipotoxicity, and cytokine toxicity.23 In 

addition to these investigations, published animal studies of 

linagliptin describe its effect on incretin physiology,13,14 body 

weight,24 or other extraglycemic effects such as stroke25 and 

wound healing.26–28

After confirmation of glycemic benefits in preclinical 

studies, the clinical trial program for linagliptin commenced 

and filing for a US new drug application occurred in July 

2010 (Figure 4).29 Phase I and II trials established the clinical 

dosage of linagliptin 5 mg once daily that was used in the 

Phase III program.29 Clinical studies of linagliptin included 

a range of patient populations with regard to disease severity 

and duration. As is standard for a type 2 diabetes clinical 

development program, the first trials established the safety 

and efficacy of the drug when used as monotherapy. With 

increasing duration of type 2 diabetes, patients tend to 

experience a progressive decline in the ability to maintain 

adequate glycemic control with antidiabetic therapies, thus 

necessitating an escalation in medication doses over time 

(using agents for which this is an option). When maximum 

effective dose is reached, a combination regimen must then be 

selected in an attempt to control blood glucose. Clinical trials 

therefore evaluate the efficacy of new antidiabetic therapies 

not only as monotherapy, but in the setting of other concomi-

tant treatments as well. Approval of linagliptin in May 2011 

was based on monotherapy and combination therapy trials 

with other commonly used glucose-lowering agents.29

Treatment with linagliptin monotherapy alone is 

associated with signif icant improvement in glycemic 

control (Table 1). For example, an 18-week study of lina-

gliptin monotherapy in patients for whom metformin was 

contraindicated or not well tolerated (n=227) demonstrated 

a placebo-corrected HbA
1c

 change of −0.60% (P,0.0001; 

baseline, 8.1%).30 This result was consistent with the larger, 

double-blind, placebo-controlled, pivotal Phase III trial that 

evaluated the safety and efficacy of linagliptin monotherapy 

for the treatment of type 2 diabetes.31,32 In this trial, more than 

500 participants (mean baseline, HbA
1c

 8.0%) were random-

ized to receive placebo or linagliptin 5 mg/day for 24 weeks. 

Linagliptin2 5

Alogliptin18

Saxagliptin7

Vildagliptin19

Sitagliptin20

0 20 40
Renal excretion (%)a

60 80 100

87

85

75

60–71

Figure 3 Percentage renal excretion of available dipeptidyl peptidase-4 inhibitors.2,7,18–20

Note: aincluding metabolites and unchanged drug; excretion after single-dose 
administration of C14 labeled drug.
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Preclinical Phase I  Phase II Phase III  Phase IIIb/IV 

Pharmacology/PK 

HbA1c improvement 

Safety/tolerability b 

Durability 

Weight 

Use in hepatic
dysfunction 

Use in renal dysfunction 

Reduction in albuminuria 

Wound healing 

Use in elderly patients
≥70 years

d

CV efffects 

   Bench Healthy
volunteers 

                        Bedside 

Discovery NDA Filing Approval 

July
2010  

May
20112001 2004 

Start of clinical
development  

a 

a 

a 

a 

a 

c

c

Figure 4 Overview of linagliptin trials from bench to bedside showing the stage of development for select outcomes.
Notes: aData will emerge from ongoing trials; bpostmarketing surveillance reports; cpharmacokinetic study in healthy volunteers and those with renal or hepatic impairment; 
dlimited evidence from preclinical studies of linagliptin in wound healing;26–28 a small study in humans with vildagliptin has been completed.65

Abbreviations: Cv, cardiovascular; HbA1c, glycosylated hemoglobin; NDA, New Drug Application; PK, pharmacokinetics.

At the end of the study, the mean placebo-adjusted HbA
1c

 

change from baseline was −0.69% (P,0.0001). In patients 

with baseline HbA
1c

 $9.0%, mean reduction from baseline 

was −1.01%, consistent with the greater magnitude of HbA
1c

 

reduction that has been observed in other studies of patients 

with high baseline values.

Addition of linagliptin to ongoing treatment with 

metformin also leads to similar improvement in HbA
1c

 

compared with linagliptin monotherapy. For example, a 

12-week randomized study in 333 patients with type 2 dia-

betes showed that addition of linagliptin to an existing regi-

men of metformin was associated with a placebo-adjusted 

HbA
1c

 reduction from baseline (8.5%) of −0.73% after 12 

weeks.33 Similarly, a pivotal Phase III trial showed that 

linagliptin add-on therapy in participants with inadequate 

glycemic control receiving metformin was associated with a 

placebo-corrected HbA
1c

 reduction from baseline (8.1%) of 

−0.64% after 24 weeks of therapy.34 Moreover, results from a 

24-week pivotal study of 1,058 patients with type 2 diabetes 

inadequately controlled on maximum doses of metformin 

and sulfonylurea (SU) showed that addition of linagliptin as 

a third agent was associated with a placebo-corrected HbA
1c

 

reduction from baseline (8.15) of −0.62%.35

As recommended in most treatment algorithms, ini-

tiation or progression of antidiabetic pharmacotherapies 

usually involves the prescription of a single new agent. 

However, given the prevalent need to progress therapy, 

alternative  strategies involving the initiation or progres-

sion of treatment with more than one agent have often 

been investigated. A 24-week placebo-controlled study 

explored the comparative eff icacy of this approach, 

randomizing patients to monotherapy with linagliptin 
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Table 1 weight and glycosylated hemoglobin changes observed in linagliptin clinical trials

Study Treatment Mean  
baseline 
weight (kg)

Mean weight  
change in kg  
(% body weight)

Mean  
baseline  
HbA1c (%)

Mean adjusted 
HbA1cchange  
(%)

Placebo-
corrected HbA1c 
difference (%)

Monotherapy
Barnett et al30 Linagliptin 5 mg (18 weeks) 

Placebo
77 
81

−1.3 (1.7) 
−2.1 (2.6)

8.1 
8.1

−0.4 
+0.2

−0.6

Del Prato et al32 Linagliptin 5 mg (24 weeks) 
Placebo

79 
79

NR; NS 
NR; NS

8.0 
8.0

−0.4 
+0.3

−0.7

Kawamori et al41 Linagliptin 5 mg (26 weeks) 
Placebo

NR NR 8.1 
8.0

−0.2 
+0.6

−0.9

Forst et al91 Linagliptin 5 mg (4 weeks) 
Placebo

NR NR 6.8 
7.3

−0.1 
+0.3

−0.4

Dual combination therapy
Forst et al33 Linagliptin 5 mg added to  

metformin (12 weeks) 
Placebo added to metformin

91 
 
93

−0.6 (0.7) 
 
−0.8 (0.9)

8.5 
 
8.4

−0.5 
 
+0.2

−0.7

Taskinen et al34 Linagliptin 5 mg added to  
metformin (24 weeks) 
Placebo added to metformin

82 
 
83

−0.4 (0.5) 
 
−0.5 (0.6)

8.1 
 
8.0

−0.5 
 
+0.2

−0.6

Gallwitz et al44 Linagliptin 5 mg added to  
metformin (2 years) 
SU added to metformin

86 
 
87

−1.4 (1.6) 
 
+1.3 (1.5)

7.7 
 
7.7

−0.2 
 
−0.4

0.2a

Lewin et al39 Linagliptin 5 mg added to SU  
(18 weeks)  
Placebo added to SU

75 
 
76

+0.4 (0.5) 
 
−0.01 (0.01)

8.6 
 
8.6

−0.5 
 
−0.1

−0.5

Ross et al93 Linagliptin 2.5 mg (twice daily) 
added to metformin (12 weeks) +  
Linagliptin 5 mg added  
to metformin 
Placebo + metformin

82 
 
81 
 
78

−0.4 (0.5) 
 
−1.0 (1.2) 
 
−1.1 (1.4)

8.0 
 
8.0 
 
7.9

−0.5 
 
−0.5 
 
+0.3

−0.7 
 
−0.8

Initial dual combination therapy
Haak et al36 Linagliptin 5 mg (24 weeks) 

Metformin 1,000 mg twice daily 
Linagliptin 2.5 mg + metformin 
1,000 mg twice daily 
Linagliptin 2.5 mg + metformin 
500 mg twice daily 
Placebo

79 
80 
77 
 
81 

77

+0.2 (0.3) 
−0.5 (0.6) 
−0.8 (1.0) 
 
−0.1 (0.1) 
 
−0.7 (0.9)

8.7 
8.5 
8.7 
 
8.7 
 
8.7

−0.5 
−1.1 
−1.6 
 
−1.2 
 
+0.1

−0.6 
−1.2 
−1.7 
 
−1.3

Gomis et al38 Pioglitazone (24 weeks) + placebo 
Linagliptin 5 mg + pioglitazone

83 
78

+1.3 (1.6) 
+2.7 (3.5)

8.6 
8.6

−0.6 
−1.1

−0.5

Triple combination therapy
Owens et al35 Linagliptin 5 mg added to  

metformin + SU (24 weeks) 
Placebo added to metformin + SU

77 
 
77

+0.3 (0.4) 
 
−0.1 (0.1)

8.2 
 
8.1

−0.7 
 
−0.1

−0.6

Note: aTreatment difference (linagliptin–glimepiride). 
Abbreviations: HbA1c, glycosylated hemoglobin; NR, not reported; NS, not significant; SU, sulfonylurea.

or metformin, or alternatively to linagliptin  administered 

as initial combination therapy with metformin.36 Results 

demonstrated that initial combination therapy was associ-

ated with greater HbA
1c

 reduction compared with either 

agent given as monotherapy.36 For example, patients 

randomized to receive 1,000 mg twice-daily metformin 

monotherapy demonstrated a placebo-adjusted HbA
1c

 

reduction of −1.2% (baseline, 8.5%), whereas patients 

receiving a lower dose of metformin (500 mg twice daily) 

in combination with  linagliptin experienced an adjusted 

HbA
1c

 reduction of −1.3% (baseline, 8.7%). Patients given 

linagliptin with metformin 1,000 mg twice daily exhibited 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2014:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

437

Linagliptin: bench to bedside

the greatest improvement in glycemic control, with a 

mean HbA
1c

 reduction of −1.7% (baseline, 8.7%). The 

results of this trial formed the basis for the January 2012 

US approval37 of the fixed-dose combination of linagliptin 

and metformin in a single tablet for twice-daily treatment 

of type 2 diabetes in adults. In addition to the metformin 

trial of initial  combination therapy, another pivotal trial 

examined linagliptin administered initially in combination 

with pioglitazone versus pioglitazone alone; linagliptin was 

associated with a mean adjusted HbA
1c

 reduction from base-

line (8.6%) of −0.51% (P,0.0001).38 Comparable HbA
1c

 

reductions were seen in studies evaluating the addition of 

linagliptin to ongoing therapy with a SU or insulin.39,40 In an 

18-week placebo-controlled study that combined linagliptin 

with an SU, the addition of linagliptin was associated with a 

placebo-adjusted mean HbA
1c

 change from baseline (8.6%) 

of −0.47% (P,0.0001).39 In a 24-week placebo-controlled 

study of 1,261 patients with type 2 diabetes inadequately 

controlled on basal insulin alone or with oral therapy, the 

addition of linagliptin (with or without metformin and/

or pioglitazone) provided a placebo-adjusted mean HbA
1c

 

change from baseline (8.3%) of −0.65% (P,0.0001).2,40

Thus, these studies demonstrate that comparable improve-

ments in glycemic control can be achieved with linagliptin 

administered either as monotherapy or as part of combination 

regimens. In placebo-controlled clinical  trials of linagliptin, 

which usually recruited participants with baseline HbA
1c

 

values between 8% and 9%, the efficacy of HbA
1c

 improve-

ment generally ranges from −0.6% to −0.8% (Table 1). 

 Additionally, linagliptin improved markers of β-cell func-

tion, such as the homeostasis model assessment for β-cell 

function and the disposition index, in several clinical trials 

that assessed these parameters.32,34,35,38,41

Safety and tolerability
Preclinical evaluations of safety typically focus on the 

effects of a drug on fertility, cancer incidence, and muta-

genesis and occur early in the drug development process. 

Linagliptin did not increase the incidence of tumors after 

2 years of exposure in rats or mice at doses that substan-

tially exceed the clinical dose based on area under the curve 

exposure.2 In vitro testing showed that linagliptin was not 

mutagenic or clastogenic.2

Further investigation revealed no safety signals within 

the concentration range of the therapeutic dose in a dose-

ranging study in healthy human volunteers that tested single 

oral administration of linagliptin tablets up to 600 mg.42 As a 

class, clinical studies have demonstrated that DPP-4 inhibitors 

are characterized by a favorable safety/tolerability profile. 

 Individual clinical trials of linagliptin have demonstrated 

results consistent with this observation, with overall adverse 

event (AE) rates typically comparable between linagliptin and 

placebo groups. A recent meta-analysis of data from eight 

Phase III clinical trials of linagliptin (n=3,572 patients with 

type 2 diabetes) has quantitatively evaluated AEs reported in 

published studies of linagliptin.43 AEs in patients receiving 

linagliptin versus placebo were pooled across studies, and the 

resulting overall AE rates were similar in both groups (55.0%, 

linagliptin; 55.8%, placebo). Serious AEs were also compa-

rable: 2.8% versus 2.7% in the linagliptin and placebo groups, 

respectively. AE rates in the pooled linagliptin group were 

also comparable to (or less than) those in patients receiving 

placebo for upper respiratory tract infection, headache, urinary 

tract infection, blood and lymphatic disorders, hypersensitivity 

reactions, elevated hepatic enzymes, increased serum creati-

nine, nasopharyngitis, and cough. In this pooled analysis, the 

incidence of hypoglycemia was 8.2% for linagliptin and 5.1% 

for placebo due to a higher incidence among those receiving 

SU background therapy (20.7% and 13.3%, respectively).43 

A low rate of hypoglycemia (#1%) was observed in studies 

where SU background therapy was not permitted. One case 

of chronic pancreatitis was reported in a patient receiving 

linagliptin; no cases of acute pancreatitis were reported.43

Overall in the clinical trial program, pancreatitis was 

reported in 15.2 cases per 10,000 patient-year exposure to 

linagliptin compared with 3.7 cases per 10,000 patient-year 

exposure to comparator (placebo and active comparator), 

with three additional cases reported after the last  administered 

dose.2 Acute pancreatitis, including fatal pancreatitis, has been 

reported in postmarketing experience.2 Use of  linagliptin has 

not been studied in patients with a history of pancreatitis.2 

It is unknown whether patients with such a history are at an 

increased risk for the development of pancreatitis while using 

a DPP-4 inhibitor.2,7

Durability
Because the natural history of type 2 diabetes typically spans 

many decades, the long-term durability of antidiabetic thera-

pies is an important subject of clinical research. While studies 

on this timescale are infeasible in animal models of type 2 

diabetes (and pose a significant challenge in clinical study 

as well), trials of up to 1–2 years duration are  considered 

long-term evaluation of the safety and efficacy of antidi-

abetic therapies.

Clinical research studies with follow-up periods of 

up to 2 years support the long-term safety and efficacy  
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of  linagliptin therapy.30,40,44 The longest published study of 

 linagliptin was a randomized 2-year prospective noninferiority 

study in more than 1,500 patients comparing linagliptin 

with glimepiride added to metformin.44 In the full analysis 

set (n=1,519), the mean HbA
1c

 reductions with linagliptin 

and glimepiride were −0.16% and −0.36%, respectively; the 

treatment difference of 0.20% (97.5% confidence interval 

[CI], 0.09–0.30) met the noninferiority criterion. There was a 

significantly lower rate of hypoglycemia in linagliptin-treated 

patients (7% versus 36%). In patients who completed the study 

(n=504), mean HbA
1c

 reductions were −0.56% and −0.63%, 

respectively (Figure 5). Although of short duration for assess-

ment of cardiovascular outcomes, one observation made in 

this study was a lower incidence of cardiovascular events 

(linagliptin, n=12; glimepiride, n=26; relative risk, 0.46; 

95% CI, 0.23–0.91), mainly due to fewer nonfatal strokes 

in patients treated with linagliptin (n=3) versus glimepiride 

(n=11). To further assess the risk–benefit of linagliptin for 

individuals, an exploratory analysis evaluated patient achieve-

ment of the target HbA
1c

 (,7.0%) without hypoglycemia or 

weight gain.45 Among those who completed the trial without 

rescue medication, this composite endpoint was achieved 

by 54.1% of the linagliptin group compared with 22.9% of 

the glimepiride group (odds ratio, 3.86; 95% CI, 2.63–5.68; 

P,0.0001).

A second long-term study recruited patients who had 

participated in one of four pivotal 24-week trials of linagliptin 

studied as monotherapy32 or as add-on to pioglitazone,38 met-

formin,34 or metformin plus SU.35 These patients continued to 

a 102-week evaluation of safety, tolerability, and efficacy.46 

Participants receiving placebo in the parent  studies were 

switched to linagliptin 5 mg/day and analyzed as a comparator 

group. The mean HbA
1c

 change from baseline to week 102 

was −0.8%, comparable to the improvements in HbA
1c

 seen 

in the pivotal parent trials. The rate of treatment-related AEs 

in participants receiving linagliptin throughout the 102-week 

study period was low and comparable to participants switching 

to linagliptin from 24 weeks of treatment with placebo (14.4% 

versus 14.1%). Whereas hypoglycemia occurred in 13.6% and 

14.6% of participants, respectively, the incidence of hypogly-

cemia was mainly associated with the use of SU. Participants 

continuing from the parent study evaluating linagliptin in 

combination with metformin plus SU had rates of 10.9% (lina-

gliptin continuation) and 11.4% (placebo switch to linagliptin); 

however, rates of hypoglycemia in participants continuing from 

any other trial only ranged from 0.1% to 2.4%.

weight and organ fat content
Management of body weight is an integral component of 

type 2 diabetes treatment, and some therapies indicated for 
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Figure 5 Change in glycosylated hemoglobin from 2-year comparative trial of linagliptin compared with glimepiride.
Notes: Data represent the per-protocol completers’ cohort (post hoc analysis). 
Reprinted from The Lancet, 380(9840), Gallwitz B, Rosenstock J, Rauch T, et al. 2-year efficacy and safety of linagliptin compared with glimepiride in patients with type 2 
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Abbreviation: HbA1c, glycosylated hemoglobin.
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treatment of type 2 diabetes can lead to increases in weight.47 

Research efforts have focused on development of effective type 

2 diabetes therapies that do not cause weight gain, including 

animal models investigating the effects of linagliptin on body 

weight. Vickers et al studied the effects of linagliptin and 

exenatide on body fat content and total body weight in obese 

Wistar rats.24 In a comprehensive study design, animals were 

treated with linagliptin alone, exenatide alone, linagliptin 

and exenatide in combination, exenatide alone followed by 

a switch to linagliptin, or vehicle.  Linagliptin alone did not 

significantly change body weight versus vehicle.  However, in 

animals withdrawn from exenatide, switching to linagliptin was 

associated with greater subsequent weight maintenance (mean, 

−4.6% baseline weight versus controls; P,0.05) compared 

with switching to vehicle (−3.3% versus controls). Thus, in this 

study linagliptin reduced weight regain following withdrawal 

of exenatide. Another animal study showed that linagliptin 

administered for 6 weeks was associated with a significant 

reduction in hepatic fat content.48 Wistar rats were fed a high-fat 

diet to induce  obesity, followed by administration of linagliptin, 

the appetite suppressant sibutramine, or vehicle. At baseline 

and after 6 weeks of treatment, animals were weighed, and 

magnetic resonance spectroscopy was used to quantify hepatic 

and intramyocellular fat content. Linagliptin-treated animals 

did not have significant changes in total body fat, subcutaneous 

fat, or visceral fat; however, at the end of treatment, the mean 

vehicle-corrected change from baseline in hepatic fat content 

was −59.0% (P=0.015) for linagliptin and −54.3% (P=0.027) 

for sibutramine. In addition, an assessment of intramyocel-

lular lipid content also showed significant vehicle-corrected 

reductions from baseline: −62.1% (P=0.073) and −72.4% 

(P=0.044) for linagliptin and sibutramine,  respectively. These 

results were consistent with another study demonstrating a 

dose-dependent reduction in hepatic fat content in animals 

treated with linagliptin.49

Body weight is included as an endpoint in clinical  trials 

of type 2 diabetes therapies. Findings from a meta-analysis 

of trials of linagliptin, sitagliptin, and saxagliptin have gen-

erally demonstrated a mean weight change from baseline 

within ±1% of baseline body weight.50 Therefore, in clinical 

practice, DPP-4 inhibitors are generally considered weight 

neutral. In pivotal 24-week studies of linagliptin, mean weight 

changes  (versus placebo) from baseline to end of study were 

+0.2 with linagliptin  versus −0.7 kg with placebo administered 

as monotherapy,36 −0.4 versus −0.5 kg in combination with 

metformin,34 and +0.3 versus −0.1 kg as add-on to metformin 

plus SU.35 At the end of the 2-year comparative add-on to 

metformin study, mean body weight decreased with linagliptin 

and increased with glimepiride (−1.4 versus +1.3 kg), with a 

treatment difference of −2.7 kg (P,0.0001).44

Potential in patients with renal  
dysfunction
One of the complications of type 2 diabetes is loss of renal 

function over time. Improving glycemic control with type 2 

diabetes treatment may slow the progression of microvascular 

disease and reduce the risk of chronic kidney disease.51 

Some glucose-lowering therapies may require dose reduc-

tion in type 2 diabetes patients with reduced renal function, 

whereas others are not recommended or are contraindicated 

for use in this population. Linagliptin does not require dose 

 adjustment in patients with impaired renal function2 and 

therefore is a good candidate for additional study regarding 

potential renal properties.

The pharmacokinetics and pharmacodynamics of 

alogliptin, linagliptin, and sitagliptin were evaluated in a 

rat model of chronic renal failure.52 This same investigation 

also assessed the effects of linagliptin on biomarkers of 

cardiac and renal fibrosis. Results demonstrated no effect 

of DPP-4 inhibitor treatment on estimated glomerular 

 filtration rate (eGFR). The pharmacokinetics of linagliptin 

were unaffected by renal impairment, whereas exposure 

to sitagliptin and alogliptin increased significantly in 

5 of 6 nephrectomized rats. Although all DPP-4 inhibitors 

decreased levels of osteopontin (associated with diabetic 

nephropathy53), linagliptin was the only compound not 

associated with increases in biomarkers of glomerular or 

tubular injury.  Moreover, linagliptin treatment normalized 

the mRNA expression of markers associated with uremic 

cardiomyopathy and levels of B-type natriuretic peptide, a 

marker of heart failure.

A study in a mouse model of diabetic nephropathy 

demonstrated a synergistic benefit of combining linagliptin 

with the angiotensin receptor blocker telmisartan.54 Mice 

were genetically engineered to delete the endothelial 

nitric oxide synthase gene (leading to nephropathy) 

and then treated with streptozotocin to induce diabetes. 

 Animals then received telmisartan, linagliptin, both agents 

combined, or vehicle. Compared with mice that did not 

receive streptozotocin (nondiabetic controls), combination 

therapy significantly reduced albuminuria (71.7 mcg/d 

versus 170.8 mcg/d; P=0.017). Although neither agent 

used alone had a statistically significant effect on albu-

minuria, linagliptin administered alone was associated 

with lower levels of kidney malondialdehyde immune 

reactivity (a marker of oxidative stress), and linagliptin in 
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combination with  telmisartan significantly reduced plasma 

osteopontin levels and decreased histologic evidence of 

glomerulosclerosis.

These preclinical findings, as well as conflicting reports 

regarding the effects of DPP-4 inhibitors on blood pres-

sure,55 warranted further investigation of concomitant 

renin–angiotensin–aldosterone therapies and linagliptin. Of 

note, a small clinical study suggested that DPP-4 inhibitor 

treatment with sitagliptin attenuated the hypotensive effect 

of maximal angiotensin-converting enzyme inhibition via the 

activation of the sympathetic nervous system.56 A preclini-

cal study in male Wistar rats with hypertension induced by 

stenosis of the renal artery was undertaken to examine the 

effects of linagliptin, administered alone and with angiotensin 

receptor blocker therapy, on blood pressure, renal function, 

and oxidative stress.57 Results demonstrated that linagliptin 

administered in combination with telmisartan-normalized 

blood pressure and reduced oxidative stress.

Given the importance of renal disease therapy consider-

ations for type 2 diabetes, the linagliptin clinical program 

included a pharmacokinetic study in individuals with renal 

impairment,58 a long-term evaluation of the safety and effi-

cacy of linagliptin in participants with type 2 diabetes and 

severe renal impairment,59 and a trial in individuals with 

moderate to severe renal impairment.60 Graefe-Mody et al 

published the results of a trial assessing the pharmacokinetics 

of linagliptin in participants with and without type 2  diabetes 

with varying degrees of renal impairment, categorized 

according to creatinine clearance (CrCl) as mild (CrCl .50 

to #80 mL/min), moderate (CrCl .30 to #50 mL/min), or 

severe (CrCl #30 mL/min).58 Participants with end-stage 

renal disease were included and evaluated using a single 

dose, whereas all other participants received linagliptin for 

7–10 days to achieve steady state. In all groups, the renal 

excretion of linagliptin was ,7% of the administered dose. 

Thus, this study demonstrated that linagliptin exposure did 

not increase by more than two-fold in the presence of renal 

impairment (compared with healthy participants who had 

normal renal function).

A long-term study included more than 130 patients 

with eGFR ,30 mL/min/1.73 m2 who were randomized to 

receive placebo or linagliptin 5 mg daily.59 After 12 weeks 

of therapy, the mean placebo-adjusted HbA
1c

 change from 

baseline  (primary endpoint) was −0.60% (P,0.0001); 

further improvement in HbA
1c

 was seen after 1 year 

(−0.72%; P,0.0001). As a further measure of efficacy for 

glycemic control in this study, patients concomitantly tak-

ing insulin demonstrated an insulin-sparing effect in the 

linagliptin group. Mean insulin doses were decreased by −6.2 

and −0.3 units in the linagliptin and placebo groups, respec-

tively. After 1 year of therapy, the overall incidence of AEs 

was 94.1% in patients receiving linagliptin versus 92.3% in 

the placebo group.

In another 1-year double-blind trial, individuals with 

type 2 diabetes and moderate to severe renal impairment 

were randomized to receive linagliptin 5 mg daily (n=113) 

or placebo (n=122).60 Those receiving placebo switched 

to glimepiride (1–4 mg daily) at week 12 and continued 

 treatment during a 40-week extension. The mean placebo-

adjusted HbA
1c

 change from baseline to week 12 (primary 

endpoint) was −0.42% (P,0.0001). During the 40-week 

extension, linagliptin treatment provided lower HbA
1c

 values, 

a lower incidence of treatment-related AEs, and a lower rate 

of hypoglycemia compared with glimepiride.

Reduction of albuminuria with linagliptin added to telm-

isartan in the preclinical model of renal damage54 provided 

a foundation for evaluating its effects on albuminuria in a 

pooled post hoc analysis of data from four linagliptin piv-

otal trials.32,34–36 This analysis included participants (n=217) 

with diabetic nephropathy (urinary albumin-to-creatinine 

ratio 30−3,000 mg/g creatinine) who received angiotensin-

 converting enzyme inhibitors or angiotensin II receptor 

blockers.61 Linagliptin treatment provided significant reduc-

tions in albuminuria, with a 32% reduction in the urinary 

albumin-to-creatinine ratio in the linagliptin group compared 

with 6% in the placebo group (between-group difference, 

28%; P=0.04). A prospective, randomized, double-blind 

clinical trial to evaluate effects of linagliptin on albuminuria 

when added to the current standard therapy for diabetic neph-

ropathy is underway (MARLINA-T2D™ [efficacy, safety & 

Modification of Albuminuria in type 2 diabetes subjects with 

Renal disease With LINAgliptin], NCT01792518).62

wound healing
One emerging feature that makes incretin therapies of rel-

evance to the elderly diabetic population is the potential for 

improvement in wound healing. Several studies have shown 

that the underlying physiology of wound healing is altered 

in diabetic/obese animal models.26,27,63,64 Because possible 

mechanisms may be related to hyperglycemia, altered levels 

of signaling hormones (eg, insulin, glucagon, or others) or the 

effects that these conditions may have on inflammation and 

cellular remodeling, the precise etiology remains unclear.28 

However, data exist to answer the clinical question of whether 

treatment with antidiabetic therapies can influence the healing 

of wounds in patients with diabetes. For example, linagliptin 
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effectively inhibited abnormally elevated levels of DPP-4 in 

wounds of obese C57BL/6J mice, and this inhibition was 

associated with an improvement in molecular and cellular 

markers of wound healing.26

Up to now, no clinical data on the effect of linagliptin 

on wound healing exist. One clinical study has reported 

a beneficial effect of DPP-4 inhibition on the healing of 

diabetes-related ulcers.65 Patients with type 2 diabetes and 

chronic (.3 months) full-thickness, nonhealing diabetic foot 

ulcers were randomized to receive open-label vildagliptin 

(n=53) or treatment with non-DPP-4 antidiabetic therapies 

(n=53) for 3 months. At the end of the study, more patients 

receiving vildagliptin (16/53) experienced complete ulcer 

healing  compared with controls (8/53). In addition, fewer 

patients treated with vildagliptin required ulcer surgery 

(4/53) versus controls (8/53), and fewer vildagliptin-treated 

patients had ulcer-related AEs such as infection, cellulitis, 

or osteomyelitis. A comprehensive biochemical investiga-

tion of ulcer biopsies in this study suggested that promotion 

of angiogenesis might have been a mechanism by which 

vildagliptin-treated patients experienced significantly bet-

ter outcomes than patients not receiving therapy with a 

DPP-4 inhibitor. Clearly, more data are needed in this area 

of  clinical research.

Cardiovascular effects
Improvement in cardiovascular outcomes with current type 2 

diabetes therapy has proved elusive, with promising findings 

from animal studies not always reproducible in clinical trials, 

as was the case with rosiglitazone.66 Based on the knowledge 

that GLP-1 receptors are present in the heart, preclinical 

studies have investigated the role of incretin therapies in 

mediating cardiovascular effects.66 Studies in animal models 

suggest that DPP-4 inhibition may improve postmyocardial 

infarction outcomes. For instance, improved outcomes 

have been observed in Wistar rats treated with linagliptin 

prior to inducing cardiac ischemia through ligation of the 

left anterior descending coronary artery.67 When evaluated 

for 7 days and for 8 weeks after ligation-induced cardiac 

ischemia, animals pretreated with linagliptin showed sig-

nificantly smaller infarct size versus vehicle-treated controls 

(P,0.05).  Furthermore, animal models have also identified 

the potential for improvement in poststroke outcomes. In 

one study, stroke was induced by cerebral artery occlusion 

in healthy mice and in a mouse model of type 2 diabetes.25 

Healthy C57B1 mice treated with linagliptin showed sig-

nificantly lower brain infarct volume versus vehicle-treated 

animals. In the type 2 diabetes mouse model (C57B1 mice 

with diet-induced diabetes), there was an apparent trend 

toward lower infarct size, although the difference versus 

vehicle was not significant.

Preclinical studies suggest that DPP-4 inhibitors have 

antioxidant, vasodilatory, and anti-inflammatory properties 

that may provide cardiovascular opportunities.68–70  Linagliptin 

treatment normalized vascular function and decreased 

oxidative stress after lipopolysaccharide-induced sepsis in 

rats.70 These effects were independent of its glucose-lowering 

properties.70

Data from preclinical models provide insight into poten-

tial mechanisms of cardiovascular effects of  linagliptin 

observed in clinical trials. As per recent US Food and 

Drug Administration guidance, cardiovascular events were 

monitored prospectively in the linagliptin Phase III clinical 

trial program.71 Recently, data from eight published trials 

of linagliptin were pooled and assessed for cardiovascular 

events (n=5,239 patients, with 34 primary cardiovascular 

events).72 When evaluated as a composite primary endpoint 

of cardiovascular death, stroke, myocardial infarction, or 

hospitalization for unstable angina, analysis showed that 

there were significantly fewer events in patients treated with 

linagliptin versus comparator therapies (hazard ratio 0.34; 

95% CI, 0.16–0.70). An updated meta-analysis of indepen-

dently adjudicated cardiovascular events from 19 double-

blind randomized trials (n=9,459 patients) showed a lower 

composite event rate for linagliptin (13.4 per 1,000 patient 

years) versus comparators (18.9 per 1,000 patient years) for 

a hazard ratio of 0.78 (95% CI, 0.55–1.12; P= not signifi-

cant).73 As the pooled trials were not individually powered 

to study cardiovascular outcomes associated with linagliptin 

therapy, these results are hypothesis-generating and should 

not be considered as definitive evidence of any effect on 

cardiovascular outcomes.

To address this question, CAROLINA®: Cardiovascular 

Outcome Study of Linagliptin Versus Glimepiride in Patients 

With Type 2 Diabetes is ongoing (NCT01243424).74,75 This 

study has recruited 6,000 participants with type 2 diabetes 

who are at increased risk for cardiovascular events. The study 

will evaluate a primary composite outcome of cardiovascular 

death, nonfatal myocardial infarction, nonfatal stroke, and 

hospitalization for unstable angina pectoris. With 400-week 

duration (7.7 years), the study is expected to be complete in 

2018. In addition, CARMELINA®: CArdiovascular safety 

and Renal Microvascular outcomE with LINAgliptin in 

patients With Type 2 Diabetes Mellitus at High Vascular 

Risk has commenced (NCT01897532).76 This long-term, 

placebo-controlled study will investigate cardiovascular and 
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renal microvascular outcomes in adults with type 2 diabetes at 

high cardiovascular risk defined by albuminuria and previous 

macrovascular disease and/or impaired renal function.

Discussion
With an overall favorable safety profile, low risk for 

 hypoglycemia, and weight neutrality, DPP-4 inhibitors have 

a broad therapeutic potential. From a safety perspective, a key 

feature of DPP-4 inhibitors is a low risk for  hypoglycemia. 

This is the result of the underlying physiologic changes 

resulting from inhibition of the DPP-4 enzyme, which 

initially leads to elevated levels of incretin hormones, the 

downstream effect being an increase of cyclic adenosine 

monophosphate production within the pancreatic β-cell.77–80 

Given that cyclic adenosine monophosphate promotes the 

release of insulin in the presence of elevated blood glucose, 

incretin hormones thus sensitize the β-cell to insulin secre-

tion using native glucose-sensing mechanisms, which most 

likely explains the low risk for hypoglycemia associated with 

incretin-based therapies. Rates of hypoglycemia in clinical 

trials of linagliptin were comparable to placebo when admin-

istered as monotherapy32 and when combined with other 

agents such as metformin33,34 and pioglitazone,38 although 

a higher rate of hypoglycemic events (versus placebo) was 

observed when linagliptin was given in combination with 

metformin plus SU (16.7% versus 10.3%).35 This effect is a 

well-known feature of the class; prescribing information for 

each agent indicates that a reduced dose of SU or insulin is 

needed when used in combination with DPP-4 inhibitors.2,4,7 

On this basis, the placement of DPP-4 inhibitors in the 

treatment of type 2 diabetes has been compared with SUs. 

Despite the greater HbA
1c

-lowering potential of SUs when 

given as monotherapy, DPP-4 inhibitor efficacy for HbA
1c

 

reduction may be comparable to SU as add-on therapy,81 

whereas SUs are associated with higher risks of weight 

gain and hypoglycemia. The overall cardiovascular safety 

profile of SUs is an area of uncertainty. The CAROLINA® 

study is the only prospective cardiovascular outcomes study 

to directly compare major adverse cardiovascular events of 

a DPP-4 inhibitor (linagliptin) with a SU (glimepiride).75 

Given these considerations, it has been suggested that DPP-4 

inhibitors may assume a comparable role in therapy as the 

SUs,82,83 particularly as additional cardiovascular data on 

DPP-4 become available. Results from the SAVOR-TIMI 

(Saxagliptin Assessment of Vascular Outcomes Recorded in 

patients with diabetes mellitus–Thrombolysis In Myocardial 

Infarction, NCT01107886) study showed that treatment with 

saxagliptin did not increase or decrease the risk of overall 

cardiovascular events compared with placebo when added 

to usual diabetes care.84

One feature relevant to clinical application is that 

 linagliptin is cleared primarily via the hepatobiliary system, 

which has important implications for its use in patients 

with diabetic kidney disease, considering that linagliptin 

does not require dose reduction in patients with declining 

renal  function.2 Kidney disease is a frequent comorbidity 

associated with diabetes, with an estimated prevalence rate 

of 40% for chronic kidney disease in patients with diabetes. 

Diabetes is associated with a higher risk of kidney disease 

than obesity, hypertension, or cardiovascular disease, with 

an odds ratio for developing renal impairment potentially 

as high as 4.1.85 Accordingly, diabetes constitutes a major 

contributing factor to the development of end-stage renal 

disease, with more than half of end-stage renal disease 

cases in 2007 occurring in diabetic patients.86 Some antidi-

abetic therapies are not suitable for use in the presence of 

kidney dysfunction, and physicians may not consider the 

prevalence of low-level renal impairment in patients with 

type 2 diabetes, particularly in the absence of renal function 

assessment (ie, CrCl, eGFR).87 Because of these factors, 

there is a need for both increased awareness of renal status 

as well as antidiabetic medications that can be used in this 

setting. Therefore, availability of antidiabetic medications 

that can be used in patients with this condition is a key 

medical need.

A second population for which the characteristics of 

linagliptin may be of relevance is elderly patients with 

type 2 diabetes. Management of type 2 diabetes in elderly 

patients is challenging, given the convergence of multiple 

considerations associated with both advanced age and 

 disease  duration. For example, elderly patients with type 2 

diabetes are more likely to take multiple medications and 

have reduced β-cell  function, more advanced micro- 

and macrovascular complications (including an age-related 

decline in renal function), and altered drug metabolism. 

In addition,  hypoglycemia can be characterized by altered 

counter-regulatory mechanisms in the elderly and may 

not be as readily recognized, thus leading to more serious 

consequences (ie, falls, fractures). Given their low risk of 

hypoglycemia, the American Diabetes  Association and the 

American Geriatrics Society suggest that DPP-4 inhibitors 

may be of benefit for elderly patients.88 Recently reported 

results of a 24-week, double-blind,  randomized study in 

elderly individuals ($70 years) with type 2 diabetes showed 

that linagliptin (n=162) was efficacious in lowering glucose 

when added to current therapy, with a placebo-corrected 
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mean change in HbA
1c

 from baseline of −0.64% (95% CI, 

−0.81 to −0.48; P,0.0001; baseline, 8.7%), and a safety 

profile similar to placebo (n=79).89

In continuation of the translational research that has 

brought linagliptin to approval for the treatment of type 2 

diabetes, other aspects of preclinical data that have not yet 

been investigated in humans might be further explored. 

The implications of research in animal models regarding 

the effects of incretin therapies on hepatic fat content and 

myocardial and brain infarct physiology are of particular 

interest, and some of these issues are being studied with other 

incretin agents in the clinical setting.28,63,64 For example, one 

study showed a relatively smaller area of damaged cardiac 

tissue following myocardial infarction in patients receiving 

exenatide versus placebo.5 Other studies have implicated 

the role of incretin therapies in the reduction of hepatic fat 

content.90–94 Because these topics are under investigation, the 

current body of literature points toward a potential benefit and 

underscores the importance of translational study based on 

findings from preclinical research. Moving forward, we can 

expect that future research on DPP-4 inhibitors and GLP-1 

receptor agonists will continue to expand their application 

beyond the maintenance of glycemic control in patients with 

type 2 diabetes.
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