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Abstract: Dipeptidyl-peptidase-IV (DPP-4) inhibitors are oral antidiabetic agents that can be 

administered as monotherapy in patients with contraindications to metformin or metformin intol-

erance, and in combination with other oral compounds and/or insulin. DPP-4 inhibitors act in a 

glucose-dependent manner and only increase insulin secretion and inhibit glucagon secretion under 

hyperglycemic conditions. Renal impairment is frequent in type 2 diabetes as a result of microvas-

cular complications and diabetes treatment, and options in these patients are limited. Linagliptin is a 

DPP-4 inhibitor with a hepatobiliary route of elimination. In comparative studies, it was noninferior 

to metformin and sulfonylureas in lowering glycated hemoglobin (HbA
1c

) and improving glycemic 

parameters. It can be used throughout all stages of renal impairment without dose adjustments. This 

review gives an overview of linagliptin in various stages of chronic kidney disease and has a focus 

on efficacy and safety parameters from clinical studies in patients with impaired renal function. 

These data are interpreted in the context of type 2 diabetes therapy in general.

Keywords: type 2 diabetes, renal impairment, oral antidiabetic drugs, incretin based therapies, 

DPP-4 inhibitors, linagliptin

Introduction
Renal impairment and chronic kidney disease (CKD) are a common consequence of 

microvascular complications in patients with type 2 diabetes. This phenomenon is 

associated with increasing diabetes duration and insufficient glycemic control.1 An 

improvement of HbA
1c

 can significantly prevent or slow down the rate of progression 

of microvascular complications.2,3 However, the classic oral antidiabetic agents can 

only be used with caution or are contraindicated in CKD. Metformin is contraindicated 

in moderate and severe renal impairment due to a higher risk for lactic acidosis with 

metformin accumulation.4 Sulfonylureas as compound class with a predominantly 

renal elimination have restrictions for their use in CKD as well.5

Dipeptidyl-peptidase-IV (DPP-4) inhibitors became part of the therapeutic options 

for type 2 diabetes approximately 10 years ago. They increase the plasma- and local 

concentrations of DPP-4, the enzyme that degrades and inactivates the incretin 

hormones glucagon-like peptide-1 (GLP-1) and glucose-dependent insulin tropic 

peptide (GIP).6,7 These peptide hormones stimulate postprandial insulin secretion in 

a strictly glucose-dependent manner only under hyperglycemic conditions.8 GLP-1 

also inhibits glucagon secretion in a glucose-dependent fashion.9 The DPP-4 inhibi-

tors therefore have a very low intrinsic risk for hypoglycemia. In clinical studies, they 

demonstrated a comparable efficacy on HbA
1c

 and other glycemic parameters to 

metformin or sulfonylureas.10 The hypoglycemia incidence was significantly lower 
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in patients treated with DPP-4 inhibitors compared to those 

with sulfonylureas and besides that DPP-4 inhibitors proved 

to be body weight neutral.11–14 Most guidelines as well as the 

recommendations of the American Diabetes Association 

(ADA) and European Association for the Study of Diabetes 

(EASD) have placed DPP-4 inhibitors as second-line therapy 

when metformin monotherapy is not sufficient any longer. 

They are also indicated for monotherapy or combination 

therapy with other drugs when metformin is not tolerated 

or contraindicated.15

Linagliptin belongs to the xanthine-based DPP-4 inhibi-

tors. It is characterized by hepatobiliary elimination, while 

most other DPP-4 inhibitors that are available today with 

the exception of teneligliptin (that is also eliminated with 

the feces) are excreted mostly via a renal route.16 Linagliptin 

can therefore be used in a whole spectrum of renal function 

including CKD to stage 5 (glomerular filtration rate ,15 mL/

min/1.73 m2) without the necessity to perform dose adjust-

ments. Like other DPP-4 inhibitors, linagliptin is contraindi-

cated for use in type 1 diabetes and in diabetic ketoacidosis as 

well as in pregnancy. The side-effect profile of linagliptin is 

also similar to that of other DPP-4 inhibitors with respiratory 

side effects (nasopharyngitis, upper respiratory tract infec-

tion, and cough), dermatological side effects (urticaria and 

skin rashes) as well as back pain being the most frequently 

reported side effects in the 1% to maximally 10% range. In 

clinical studies, linagliptin was also noninferior to metformin 

and sulfonylureas regarding its effect on glycemic parameters 

and comparable to other DPP-4 inhibitors. The safety profile 

was more favorable than that of a sulfonylurea with respect 

to hypoglycemia and body weight gain. A composite end-

point (consisting of a combination of HbA
1c

 ,7% without 

hypoglycemia and without weight gain) was achieved more 

frequently in patients treated with linagliptin compared to 

patients treated with the sulfonylurea glimepiride. Linagliptin 

had a better safety profile regarding a combined cardiovascu-

lar endpoint, including stroke. An explanation for this finding 

is a higher incidence of hypoglycemia under glimepiride 

therapy and the sulfonylurea titration.14

This review gives a summary and perspective on the 

efficacy, characteristics, and safety of linagliptin in treating 

type 2 diabetes patients with renal impairment.

Chemical characteristics and 
pharmacology of linagliptin
Linagliptin was developed by Boehringer Ingelheim 

Pharmaceuticals (Ingelheim, Germany). The molecule 

has a xanthine-based structure. The DPP-4 inhibition is 

competitive and reversible. Linagliptin dissociates slowly 

from the active center of the enzyme DPP-4 after binding.17 

The selectivity is approximately 40,000-fold higher toward 

DPP-4 in comparison to other enzymes of the DPP peptidase 

family. Enzymes of the cytochrome P450 (CYP450) class 

are not inhibited by linagliptin.18,19

Linagliptin binding to plasma proteins is almost complete 

at therapeutic concentrations.20 After once daily administra-

tion, steady-state concentrations are achieved after 2–5 days. 

A standard dose of 5 mg linagliptin given once daily inhib-

its DPP-4 up to 90%. This inhibition is long-lasting with 

85% inhibition still present after 24 hours.21 There are no 

safety-relevant drug–drug interactions between other com-

monly used medications and linagliptin.22 The excretion 

and elimination of linagliptin occurs by approximately 90% 

unmetabolized via hepatobiliary excretion with the feces. 

The small portion of only 1%–6% is removed via renal 

elimination.20,21,23

The high and low plasma concentration characteristics 

and pharmacokinetics of linagliptin in patients with different 

severities of renal impairment and CKD were investigated 

in several clinical studies. Most data were collected from 

the phase III clinical study program. This program included 

969 patients who were characterized concerning their renal 

function by calculating the estimated glomerular filtration 

rate (eGFR) and 438 of these patients were detected to 

have normal renal function. A total of 429 participants had 

renal impairment CKD stage 2, 44 were characterized by 

CKD stage 3, and 58 by CKD stage 4. In subjects without 

renal impairment, the linagliptin trough concentration was 

5.93 nmol/L; in patients with CKD at stages 2, 3, or 4, the 

respective concentrations were 6.07 nmol/L, 7.34 nmol/L, 

and 8.13 nmol/L. Renal impairment did not change exposure 

to linagliptin significantly in patients with type 2 diabetes. 

Dose adjustments of linagliptin or the determination of the 

eGFR for calculating drug accumulation are therefore not 

necessary in patients with CKD.24,25

Efficacy and safety of linagliptin in  
clinical studies
GLP-1 serum levels increased fourfold after-meal tests in 

obese type 2 diabetes patients on linagliptin treatment with 

a moderately elevated baseline HbA
1c

 between 6.8% and 

7.3%.26 In a dose-dependency study, the HbA
1c

 reductions 

amounted to -0.31%, -0.37%, and -0.28% for the linagliptin 

doses of 2.5 mg, 5 mg, and 10 mg, respectively.26

In drug-naive patients or after a 6-week washout from 

previous oral antidiabetic medication, 5 mg linagliptin given 
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once daily resulted in a significant HbA
1c

 drop of -0.69% 

(placebo corrected) after 24 weeks. Patients with a higher 

baseline HbA
1c

 .9% demonstrated a larger decrease in HbA
1c

 

(-1.01%, P,0.0001).27 The hypoglycemia incidence in this 

study as well as a study in Japanese patients with two doses of 

linagliptin (5 mg and 10 mg) was very low and comparable to 

that in the placebo- or comparator arm with an a-glucosidase 

inhibitor in the Japanese study.28

As an add-on to a metformin monotherapy, linagliptin at a 

dose of 5 mg/day reduced the HbA
1c

 by -0.49% significantly 

from a baseline of 8.1% compared to placebo after 24 weeks. 

The incidence of hypoglycemia was 0.6% with linagliptin 

and 2.8% in the placebo-treated group of the study. The body 

weight did show significant changes in this study in both the 

treatment groups.29

A triple therapy with linagliptin as an additional antidi-

abetic medication to metformin combined with sulfonylurea 

in an already existing combination, a significant reduction of 

HbA
1c

 by -0.62% was observed. Symptomatic hypoglycemia 

was reported in 16.7% of patients on linagliptin and in 10.3% 

of patients treated with placebo as add-on to the metformin–

sulfonylurea combination. Severe hypoglycemia occurred 

in 2.7% of the linagliptin and 4.8% of placebo-treated study 

participants, respectively. Linagliptin was weight neutral as 

in other studies.30

The efficacy and safety of linagliptin as an add-on medi-

cation to an existing therapy with metformin were compared 

to glimepiride as add-on medication in a 104-week clinical 

study. Patients failing on metformin monotherapy and with 

an average baseline HbA
1c

 of 7.7% additionally received 

either a standard dose of 5 mg linagliptin once daily or 

glimepiride. The average glimepiride dose was 2.45 mg/day at 

the end of the study. Both study arms included approximately 

750 patients. Regarding the HbA
1c

 reduction, linagliptin 

was noninferior to glimepiride. The difference in HbA
1c

 

amounted to 0.20% (97.5% confidence interval: 0.09–0.30). 

Linagliptin was associated with a significantly lower inci-

dence of hypoglycemia compared to glimepiride (7.5% vs 

36.1%, P,0.0001), and the incidence of severe hypoglyce-

mic episodes was significantly lower in the linagliptin group  

(1 episode [,1%]) compared to glimepiride-treated patients 

(12 episodes [2%]). The body weight difference amounted 

to -2.7 kg (P,0.0001), with a small weight loss observed with 

linagliptin and a weight gain with glimepiride. With linaglip-

tin, a significantly lower incidence of cardiovascular events 

was seen during the 2-year study. In total, 12 patients with 

linagliptin therapy compared to 26 patients with glimepiride 

had a cardiovascular event, corresponding to a relative risk 

of 0.46 (95% confidence interval: 0.23–0.91, P=0.0213).14 

Regarding an additional analysis of the hypoglycemic events 

in this study, hypoglycemic episodes were more frequent in 

patients on glimepiride compared to linagliptin treatment inde-

pendent from baseline HbA
1c

 (P,0.0001), and the incidence 

was not associated with greater HbA
1c

 reductions. Therefore, 

linagliptin treatment demonstrated a lower hypoglycemia risk 

compared to glimepiride therapy regardless of the doses used 

and independent form the duration of treatment and the drop 

in HbA
1c

.31 In this study, significantly more patients receiving 

linagliptin achieved a composite endpoint of an HbA
1c

 ,7% 

without hypoglycemia and without body weight gain after 

2 years compared with those receiving glimepiride (54% and 

23%, respectively; odds ratio 3.9, 95% confidence interval 

2.6–5.7, P,0.0001).32

Several studies investigated the initial combination of an 

oral antidiabetic therapy with linagliptin and other agents. 

All these studies demonstrated that an initial combination 

containing linagliptin as one component besides metformin 

or pioglitazone was more effective than an antidiabetic 

monotherapy. The combination therapies were well toler-

ated and did not increase the risk of hypoglycemia. In a 

study with patients characterized by a baseline HbA
1c

 of 

9.8%, treatment response of HbA
1c

 ,7.0% was achieved by 

61% and 40% of study participants treated with linagliptin 

and metformin or linagliptin groups after 24 weeks, respec-

tively. Few patients experienced drug-related adverse events 

(8.8% and 5.7% of patients in the linagliptin/metformin and 

linagliptin groups, respectively). Hypoglycemia without 

severe episodes occurred in 1.9% and 3.2% of patients in 

the linagliptin/metformin combination arm and linagliptin-

treated arm, respectively. Body weight decreased signifi-

cantly with the combination therapy (-1.3 kg between-group 

difference; P=0.0033). An initial combination of linagliptin 

and another oral antidiabetic agent (excluding a sulfonylurea) 

appears to provide a useful treatment option in patients whose 

blood glucose levels are increased to an extent that metformin 

monotherapy may not achieve therapeutic goals. Here, the use 

of a fixed dose combination tablet has the potential to reduce 

pill burden and simplify patients’ treatment regimens, thereby 

promoting improved adherence and efficacy.33–35

Linagliptin therapy in patients with 
renal impairment and CKD
Linagliptin is the only DPP-4 inhibitor currently approved 

besides teneligliptin (that is currently approved in Japan and 

in South Korea) with a nonrenal elimination.21,36,37 A dose 

adjustment of linagliptin and teneligliptin in patients with 
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CKD is not necessary since .90% of the drug are excreted 

by a hepatobiliary route via the feces and both compounds can 

also be given in patients on dialysis.38–40 So far no direct head-

to-head studies between linagliptin and teneligliptin have 

been performed. For the other approved DPP-4 inhibitors, 

saxagliptin, siatgliptin, and vildagliptin dose adjustments are 

necessary in patients with a creatinine clearance ,50 mL/min, 

and there are restrictions for patients with end-stage renal 

disease in a dialysis program (Table 1).1,18,29,41,42

Efficacy, tolerability, and safety of linagliptin in combina-

tion with an antidiabetic background therapy were investi-

gated in patients with type 2 diabetes and progressed CKD in 

a 1-year study.43 Patients with an eGFR ,30 mL/min/1.73 m2  

and a baseline HbA
1c

 between 7.0% and 10.0% received 5 

mg linagliptin or placebo as add-on. For efficacy, HbA
1c

 at 

week 12 was defined as an endpoint. Safety endpoints were 

determined at the end of the study after linagliptin led to 

an HbA
1c

 reduction of -0.76% after 12 weeks. This reduc-

tion of HbA
1c

 was sustained for the whole study period of 

52 weeks (-0.71% for linagliptin vs -0.01% for placebo, 

P,0.0001). The patients, who had received insulin already 

in their baseline therapy, were able to lower the insulin doses 

by -6.2 units when treated with linagliptin and by -0.3 units 

when treated with placebo. Adverse events, including hypo-

glycemia, occurred in a comparable frequency (94.1% for 

linagliptin vs 92.3% for placebo). The change in renal func-

tion and the incidence of cardiovascular events were also 

similar and fairly stable in both groups (median change in 

eGFR, -0.8 vs -2.2 mL/min/1.73 m).2,43

These study results are comparable to previous 24-week 

studies with similar HbA
1c

 reductions between 0.5% and 

0.9% in patients with type 2 diabetes and normal or impaired 

renal function.27–29,43,44

Studies with saxagliptin, sitagliptin, and vildagliptin 

are difficult to compare since patient populations and study 

designs were different in the studies with these DPP-4 

inhibitors.43 Direct comparative studies of the DPP-4 inhibi-

tors are not available at present. The observed efficacies of 

linagliptin in lowering HbA
1c

 in patients with CKD were simi-

lar or greater compared to the efficacies of the other DPP-4 

inhibitors in indirect comparisons.41,42,45 A recent observa-

tional study reported that sitagliptin was often dosed inap-

propriately in CKD with only 15% of patients with moderate 

or end-stage renal impairment being on an appropriate dose.46 

Postprandial glucose reductions contribute to the glycemic 

improvement observed with linagliptin.27,29,47 In progressive 

and CKD and cardiovascular diseases, glycemic control 

cannot often be reached easily without adverse effects and 

an increased hypoglycemia risk. This phenomenon may be 

explained by a reduced renal gluconeogenesis and a decreased 

renal clearance of insulin and other antidiabetic agents.48

A recently published trial investigated the efficacy and 

safety of linagliptin in type 2 diabetic patients with moderate-

to-severe CKD and unsatisfactory glucose control.49 The 

study consisted of a 12-week, placebo-controlled treatment 

phase with a 40-week extension following right after with 

glimepiride 1–4 mg/day as comparator to linagliptin in a 

double-blind, double-dummy design. The glimepiride dose 

could be uptitrated by 1 mg/day in 4-week intervals to a dose 

of maximally 4 mg/day if the fasting glucose exceeded 110 mg.  

The most important inclusion criteria were a baseline HbA
1c

 

in the range from 7.0% to 10.0% and an eGFR ,60 mL/

min/1.73 m2. Altogether 235 patients were randomized 1:1 to 

placebo or linagliptin. Both groups were similar concerning 

their baseline characteristics. The important characteristics 

were an age of 66.6 years (mean) and an HbA
1c

 of 8.1% at the 

Table 1 Commonly used oral antidiabetic agents and their possible use in several stages of renal impairment

Creatinine clearance (mL/min)

30–49 15–29 ,15 (dialysis)

Metformin – – –
Sulfonylureas Often dose reduction necessary – –
SGLT-2 inhibitors Loss of efficacy with lower eGFR – –
Repaglinide Use with caution
Nateglinide Dose reduction
α-glucosidase inhibitors ,25 mL/min contraindicated –
Pioglitazone ,4 mL/min contraindicated 
Sitagliptin (dose) 1×50 mg/day 1×25 mg/day 1×25 mg/day
Vildagliptin (dose) 1×50 mg/day 1×50 mg/day 1×50 mg/day dialysis: with caution
Saxagliptin (dose) 1×2.5 mg/day 1×2.5 mg/day with caution Not recommended
Linagliptin (dose) 1×5 mg/day 1×5 mg/day 1×5 mg/day

Abbreviations: eGFR, estimated glomerular filtration rate; SGLT-2, sodium-glucose-transporter-2.
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time of inclusion into the study, and the mean eGFR was 37.2 

mL/min/1.73 m2. A total of 86% of the patients already had 

an insulin therapy. After 12 weeks, the HbA
1c

 was reduced 

by -0.53% with linagliptin and by -0.11% with placebo. 

After 52 weeks in the extension, the changes from baseline in 

HbA
1c

 were -0.64% for linagliptin- and -0.50% for placebo- 

or glimepiride-treated patients. Drug-related adverse events 

occurred with similarly low incidence in both study arms in 

less than 25% of the patients. A smaller number of patients on 

linagliptin reported adverse events compared to glimepiride-

treated patients (90.7% vs 96.5%). In line with this finding, 

less patients on linagliptin experienced serious adverse events 

(22.4% on linagliptin vs 26.3% on glimepiride), and the inci-

dence of adverse events leading to a premature study end was 

also lower in the linagliptin arm compared to the glimepiride 

arm (4.7% for linagliptin vs 9.6% for glimepiride). The inci-

dence for cardiovascular events was lower in the linagliptin arm 

(n=3) compared to the glimepiride study arm (n=8). Expect-

edly, the hypoglycemia incidence was significantly lower in 

linagliptin-treated patients compared to glimepiride-treated 

patients throughout the whole study. The incidence of severe 

hypoglycemia was equal in both groups (n=6). The eGFR did 

not change during the complete study in both groups.49,50

In this 1-year study, linagliptin was efficacious on glycemic 

parameters and tolerated well in the type 2 diabetic patients with 

moderate or severe CKD. Apart from that, the renal function 

did not change or worsen during the study. The results suggest 

that glycemic parameters can be significantly improved with 

linagliptin with an acceptable therapeutic side-effect profile 

in this population that only has limited treatment options due 

to the impaired renal function. Avoidance of hypoglycemia in 

these patients is a foremost treatment goal and more important 

than reaching low glucose values or a low HbA
1c

. Due to 

the high number of patients treated with insulin already, the 

hypoglycemia incidence was expectedly relatively high in both 

groups. The incidence was nevertheless lower in patients in 

the linagliptin arm compared with glimepiride therapy. Earlier 

studies comparing DPP-4 inhibitors and sulfonylureas have 

also demonstrated similar glucose-lowering efficacy of both 

drug classes but fewer adverse events associated with DPP-4 

inhibitor use in patients with renal impairment.49–53

Conclusion, final considerations, 
and future perspectives
In order to prevent micro- and macrovascular diabetes-

associated complications, good glycemic control is very 

important in treating type 2 diabetes. The association between 

hyperglycemia and the progression of these complications 

has been shown for type 2 diabetes in the late 1990’s.2,54,55 

Therapeutic options to improve glycemia are however limited 

for patients with type 2 diabetes and vascular complications 

because many compounds are eliminated via a renal route. 

Under conditions of moderate or severe renal impairment, 

most of these treatment options are or contraindicated or 

not recommended (eg, metformin, α-glucosidase inhibitors, 

SGLT-2 inhibitors, and many sulfonylureas, predominantly 

first-generation sulfonylureas). Some substance groups and 

compounds can only be used in significantly lower doses 

(eg, second-generation sulfonylureas, glinides, and most 

DPP-4 inhibitors).56,57 Pioglitazone, the only remaining 

thiazolidinedione that can be given in conditions of renal 

impairment, is no longer available in every country.58

The above mentioned studies with linagliptin in renally 

impaired patients support the use of this DPP-4 inhibitor 

without dose adjustments as a therapeutic alternative in 

these patients. The renal function therefore does not have 

to be monitored solely for the sake of putative dose calcula-

tions for the antidiabetic therapy.25,43,49 Table 1 illustrates 

the indications and contraindications for antidiabetic medi-

cations in relation to the kidney function. Furthermore, the 

renal function remained stable with the linagliptin therapy. 

If patients were on an insulin treatment before the addition 

of linagliptin, the insulin doses could be reduced.

DPP-4 inhibitor therapy has been shown to be cost effec-

tive as a second-line treatment when the glycemic goals are 

not met with metformin alone, especially in comparison to an 

add-on therapy with a sulfonylurea or a thiazolidinedione.59 

Large and comprehensive cost-effective analyses on linaglip-

tin are still incomplete, but the sitagliptin data can be used 

in analogy for linagliptin since DPP-4 inhibitors in general 

have a very low hypoglycemia risk and have shown a good 

therapeutic efficacy and adherence. Linagliptin may even 

produce more favorable data in this respect, considering 

the fact that it can be given with a standard dose throughout 

all stages of kidney function. Additional physician visits 

and laboratory controls for monitoring renal function for 

the sake of medication dose adjustments are not necessary. 

The therapy with linagliptin can be started early in type 2 

diabetes when metformin monotherapy is not sufficiently 

effective and can be maintained without change during the 

whole disease progression.

Further studies with linagliptin and comparators of other 

antidiabetic drug classes are presently being carried out in 

patient cohorts with a high micro- and macrovascular risk.25,43 

These studies will generate data on the long-term efficacy, 

durability, and safety of linagliptin with a special focus on 
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vascular safety. The large ongoing vascular safety trials 

CAROLINA and CARMELINA will be completed before the 

end of this decade. Important answers concerning the value of 

DPP-4 inhibitors for type 2 diabetes treatment in general and 

about linagliptin in particular in a patient population with vas-

cular risk factors will be covered by these two studies.25,60
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