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Purpose: We compared the efficacy of teneligliptin versus linagliptin for glycemic control 
and renoprotection in patients with advanced-stage diabetic kidney disease.
Patients and Methods: Changes in the glycated hemoglobin (HbA1c), fasting blood 
glucose concentration, urine albumin-to-creatinine ratio (UACR), and estimated glomerular 
filtration rate (eGFR) during a 12-month period were retrospectively analyzed after switching 
from linagliptin to teneligliptin in 13 patients with advanced-stage diabetic kidney disease 
(teneligliptin group). Thirteen propensity score-matched patients who were treated with 
linagliptin alone served as controls (linagliptin group).
Results: The HbA1c, fasting blood glucose concentration, and UACR did not change during 
the 12-month study period in either group. The annual change rate in the eGFR did not differ 
between before and after baseline in either group.
Conclusion: Switching from linagliptin to teneligliptin may not improve glycemic control, 
reduce urinary protein excretion, or ameliorate the rate of renal function decline in patients 
with advanced-stage diabetic kidney disease. These results suggest that teneligliptin may not 
be more advantageous for glycemic control and renoprotection compared with linagliptin in 
patients with advanced-stage diabetic kidney disease.
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Introduction
Diabetic kidney disease is a major complication of type 2 diabetes mellitus and is 
the leading cause of end-stage renal failure worldwide.1 Inadequate blood glucose 
control is mainly responsible for the development and progression of diabetic 
kidney disease.2 Therefore, optimal glycemic control is necessary to prevent the 
development and progression of diabetic kidney disease.3 However, the use of 
blood glucose-lowering agents is restricted in patients with advanced diabetic 
kidney disease because renal dysfunction attenuates the clearance and metabolism 
of these drugs and increases the risk of hypoglycemia.4

A dipeptidyl peptidase-4 (DPP-4) inhibitor is an oral hypoglycemic drug that 
enhances insulin secretion from pancreatic beta cells and inhibits glucagon secretion 
from alpha cells depending on the blood glucose concentration.5 Therefore, DPP-4 
inhibitors can be safely used in patients with renal impairment. Among DPP-4 
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inhibitors, linagliptin and teneligliptin do not need dose 
adjustment in patients with renal impairment;6 therefore, 
these two drugs can be safely and easily used in patients 
with advanced-stage diabetic kidney disease. Teneligliptin 
reportedly has effects comparable with those of linagliptin 
on glycemic control in patients with concurrent type 2 dia-
betes and renal impairment.7 Linagliptin has been shown to 
reduce urinary albumin excretion in these patients.8 

However, few studies have been performed to assess the 
renoprotective effects of teneligliptin in patients with con-
current type 2 diabetes and renal impairment. Therefore, in 
this study, we compared the efficacy of teneligliptin versus 
linagliptin for glycemic control and renoprotection in 
patients with advanced-stage diabetic kidney disease.

Materials and Methods
Ethical Approval
This study was approved by the ethics committee of Saitama 
Medical Center, Jichi Medical University (RIN 15-33) and 
was conducted according to the ethical principles contained 
within the Declaration of Helsinki. Informed consent was 
not applicable because of the retrospective nature of the 
study. Information regarding this study was displayed on 
notice boards in the patient waiting rooms of our institution 
to provide all patients with their right to opt out.

Patients
We retrospectively analyzed the data of patients who had 
been treated at Saitama Medical Center, Jichi Medical 
University from 2015 to 2019. The inclusion criteria were 
(i) an age of ≥20 years, (ii) a diagnosis of type 2 diabetic 

kidney disease with an estimated glomerular filtration rate 
(eGFR) of ≤60 mL/min/1.73 m2 and a urine albumin-to- 
creatinine ratio (UACR) of ≥0.3 g/g Cr, and (iii) a history of 
having taken linagliptin for at least 24 months or teneliglip-
tin at least 12 months after taking linagliptin for at least 12 
months. The exclusion criteria were (i) a diagnosis of type 1 
diabetes mellitus or secondary diabetes mellitus; (ii) malig-
nancy, severe infection, or steroid therapy; and (iii) renal 
replacement therapies including hemodialysis, peritoneal 
dialysis, and renal transplantation.

Study Design
This was a retrospective comparative study that was com-
pliant with the Strengthening the Reporting of 
Observational Studies in Epidemiology statement 
(Supplemental Table 1).9 The study design is illustrated 
in Figure 1. The patients’ demographic and clinical data 
were retrospectively obtained from their medical records. 
The teneligliptin group comprised the patients who had 
been taking teneligliptin at least 12 months after linagliptin 
for at least 12 months, and the linagliptin group comprised 
the patients matched for baseline characteristics who had 
been taking linagliptin for at least 24 months. The base-
lines of each patient in the linagliptin group were defined 
on the days from 1 April 2017 to 1 July 2017, during 
which time linagliptin was changed to teneligliptin in the 
teneligliptin group. Linagliptin was orally administered at 
a dosage of 5 mg once daily after breakfast. Teneligliptin 
was orally administered at a dosage of 20 mg once daily 
after breakfast and was up-titrated to 40 mg if glycated 
hemoglobin (HbA1c) did not improve after the initiation 

Teneligliptin (20 mg/day)

Linagliptin (5 mg/day)

Linagliptin (5 mg/day)

−12 Baseline 3 6 9 12

(months)

Annual eGFR change 
before baseline

Annual eGFR change 
after baseline

HbA1c, FBG, UACR

Linagliptin group
(n = 13)

1 April to 1 July 2017

Teneligliptin group 
(n = 13)

Figure 1 Study design. 
Abbreviations: eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; HbA1c, glycated hemoglobin; UACR, urine albumin-to-creatinine ratio.
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of teneligliptin. This study was performed in a clinical 
setting, and all tests and treatments were covered under 
medical insurance. Drugs including linagliptin and teneli-
gliptin were not purchased from any companies nor were 
provided by them. Changes in the HbA1c concentration, 
fasting blood glucose, and UACR at 3, 6, 9, and 12 months 
were compared with those at baseline in each group and 
were compared between the two groups. The annual 
changes in the eGFR were evaluated 12 months before 
and after the baseline in each group.

Laboratory Methods
Blood and urinary parameters were measured by the 
Department of Clinical Laboratory, Saitama Medical 
Center. The eGFR was calculated by the Modification of 
Diet in Renal Disease study equation modified for 
Japanese patients with chronic kidney disease as follows: 
eGFR (mL/min/1.73 m2) = 194 × age − 0.287 × serum 
creatinine − 1.094 (multiplied by 0.739 for female).10 The 
annual change rate in the eGFR was determined using 
linear regression analysis as the slope per month for each 
patient before and after baseline.

Statistics
Statistical analyses were performed using JMP v11 (SAS 
Institute, Cary, North Carolina, USA). Propensity score 
matching analysis was used to select control patients with 
similar baseline characteristics. Age, sex, body mass index, 
HbA1c concentration, eGFR, and UACR were included in 
the propensity model as independent variables. One-to-one 
pair matching was performed by identifying a control patient 
with the nearest log-transformed propensity score with 
a caliper width of 0.25 standard deviation. The resulting 
score-matched pairs were used in subsequent analyses. 
Data were expressed as mean ± standard deviation for con-
tinuous variables and as number and percentage for catego-
rical variables. Clinical parameters were compared between 
two groups using Student’s t-test. Component ratios were 
compared between two groups using Fisher’s exact test. 
Serial measurements were compared within each group 
using repeated-measures analysis of variance with Tukey’s 
test. A P value of <0.05 was considered statistically signifi-
cant. The post hoc power analysis was performed to assess 
the statistical power to detect a difference between the two 
groups. Power calculations were based on a two sample t-test 
for paired data using a two-sided significance level of 0.05.

Results
Patient Characteristics
In total, 233 patients with type 2 diabetes who had an eGFR 
of ≤60 mL/min/1.73 m2 and UACR of ≥0.3 g/g Cr were 
identified. Twenty-eight of these patients were taking tene-
ligliptin, and 32 were taking linagliptin. Among the patients 
taking teneligliptin, 6 did not meet the inclusion criteria and 
3 met the exclusion criteria. Eight of the patients taking 
linagliptin met the exclusion criteria. After propensity 
score matching, 13 pairs of patients were included 
(Figure 2) (Supplemental Table 2). In total, 26 patients 
were analyzed (14 men and 12 women; mean age, 71.7 ± 
10.3 years). Their mean eGFR at baseline was 24.2 ± 
9.1 mL/min/1.73 m2, and their chronic kidney disease stages 
were as follows: stage G3b in 7 (26.9%) patients, stage G4 
in 13 (50.0%), and stage G5 in 6 (23.1%). Their mean 
HbA1c concentration and UACR at baseline were 6.9 ± 
0.6% and 1.3 ± 1.4 g/g Cr, respectively. Finally, 13 patients 
were categorized into the teneligliptin group and 13 patients 
were categorized into the linagliptin group. The patients’ 
baseline characteristics and medications in the two groups 
are summarized in Table 1. There was no significant differ-
ence in any clinical parameters between the two groups. The 
administered dosage of teneligliptin was 20 mg/day in 11 
patients and 40 mg/day in 2 patients. The administered 
dosage of linagliptin was 5 mg/day in 13 patients.

Effect of Teneligliptin on Glycemic 
Control
The HbA1c concentration at 3, 6, 9, and 12 months was 
not different from that at baseline in both the teneligliptin 
and linagliptin groups (Figure 3). Fasting blood glucose 
concentration at 3, 6, 9, and 12 months did not change 
from baseline in both the teneligliptin and linagliptin 
groups (Figure 4). The mean difference in HbA1c concen-
tration at 12 months was 0.2%, and a standard deviation 
was 0.5%. Post hoc power analysis showed 17% statistical 
power to detect a difference in HbA1c concentration.

Effects of Teneligliptin on UACR and 
Annual Change Rate in eGFR
The UACR at 3, 6, 9, and 12 months remained unchanged 
from baseline in both the teneligliptin and linagliptin 
groups (Figure 5). The mean difference in UACR at 12 
months was 0.1 g/g Cr, and a standard deviation was 0.9 g/ 
g Cr. Post hoc power analysis showed 5% statistical power 
to detect a difference in UACR. The annual change rate in 
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the eGFR did not differ between before and after baseline 
in both the teneligliptin and linagliptin groups (Figures 6 
and 7). The annual change rate in the eGFR after baseline 
was not different between the two groups. The mean 
difference in annual change rate in eGFR after baseline 
was 0.4 mL/min/1.73 m2/year, and the standard deviation 
was 5.0 mL/min/1.73 m2/year. Post hoc power analysis 
showed 4% statistical power to detect a difference in 
annual change rate in eGFR.

Changes in Other Clinical Parameters
Other clinical and laboratory parameters, including body 
weight, systolic blood pressure, low-density lipoprotein 
cholesterol, high-density lipoprotein cholesterol, triglycer-
ide, uric acid, albumin, hemoglobin, sodium, potassium, 
chloride, calcium, and phosphate, were not significantly 
different at 3, 6, 9, and 12 months versus baseline in either 
the teneligliptin or linagliptin group (data not shown).

Discussion
In the present study, we compared the efficacy of teneli-
gliptin versus linagliptin for glycemic control and reno-
protection in patients with advanced-stage diabetic kidney 
disease. We found that switching from linagliptin to tene-
ligliptin did not improve glycemic control, reduce urinary 
protein excretion, or ameliorate the rate of renal function 
decline. These results suggest that teneligliptin and 

linagliptin are similarly effective for glycemic control in 
patients with advanced-stage diabetic kidney disease.

Teneligliptin is a potent, selective, and long-acting 
DPP-4 inhibitor that is available in Japan for the treatment 
of type 2 diabetes.6 Teneligliptin is metabolized in the 
liver and excreted via dual hepatic and renal routes; there-
fore, it needs no dose adjustment for use in patients with 
renal impairment.6 A double-blind randomized clinical 
study showed that teneligliptin significantly reduced the 
HbA1c concentration compared with placebo in patients 
with type 2 diabetes mellitus and normal renal function.11 

Teneligliptin is reportedly as effective as linagliptin for 
glycemic control in patients with concurrent type 2 dia-
betes and renal impairment.7 In the present study, the 
HbA1c concentration did not change after switching 
from linagliptin to teneligliptin. Teneligliptin has been 
shown to reduce the blood glucose concentration in 
a dose-dependent manner,11 and it can be increased to 
a high dosage (40 mg once daily) if the standard dosage 
(20 mg once daily) is insufficient for glycemic control.6 In 
our study, 85% of patients were treated at a dosage of 
20 mg/day, and only 15% of patients were treated at 
a dosage of 40 mg/day. The use of teneligliptin at 
a submaximal dose in our study might explain why tene-
ligliptin did not reduce the HbA1c concentration after 
changing from linagliptin. Further large-scale prospective 
randomized controlled studies are necessary to clarify the 

Patients with type 2 diabetes with 
eGFR of ≤60 mL/min/1.73 m2

and UACR of ≥0.3 g/g Cr 
(n = 233)

Did not meet the inclusion criteria
not taking linagliptin (n = 6) Exclusion criteria

steroid therapy (n = 3)
initiation of renal replacement 

therapy (n = 5)

Teneligliptin group 
(n = 13)

Linagliptin group
(n = 13)

Taking teneligliptin
(n = 28)

Taking linagliptin
(n = 32)

Exclusion criteria
initiation of renal replacement 

therapy (n = 3)

1:1 propensity score matching

Figure 2 Patient flow diagram. 
Abbreviations: eGFR, estimated glomerular filtration rate; UACR, urine albumin-to-creatinine ratio.
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Table 1 Baseline Patient Characteristics

Teneligliptin Group (n = 13) Linagliptin Group (n = 13) P value

Age (years) 74.8 ± 8.3 68.6 ± 11.5 0.13

Sex (male/female) 7/6 7/6 1.00

Body mass index (kg/m2) 25.2 ± 3.3 24.3 ± 3.0 0.44

Systolic blood pressure (mmHg) 138.3 ± 9.1 135.5 ± 19.3 0.64

Diastolic blood pressure (mmHg) 73.9 ± 11.2 70.4 ± 12.0 0.44

Serum creatinine (mg/dL) 2.4 ± 1.0 2.1 ± 1.0 0.42

eGFR (mL/min/1.73m2) 22.6 ± 9.4 25.8 ± 8.9 0.47

CKD stage (number, %)

G3b 3 (23.1) 4 (30.8) 0.75

G4 7 (53.8) 6 (46.2)

G5 3 (23.1) 3 (23.1)

Urinary protein excretion (g/gCr) 1.0 ± 1.1 1.7 ± 1.6 0.32

History of underlying causes of CKD (number, %)

Diabetic nephropathy 8 (61.5) 9 (69.2) 0.72

Hypertensive nephrosclerosis 2 (15.4) 3 (23.1)

Chronic glomerulonephritis 3 (23.1) 1 (7.7)

Duration of diabetes mellitus (year) 17.5 ± 12.8 24.3 ± 11.9 0.18

HbA1c (%) 6.8 ± 0.7 7.1 ± 0.6 0.26

Fasting blood glucose (mg/dL) 132.6 ± 28.8 146.4 ± 31.0 0.30

LDL-cholesterol (mg/dL) 88.5 ± 21.7 96.4 ± 28.7 0.44

HDL-cholesterol (mg/dL) 44.9 ± 15.2 41.9 ± 15.5 0.62

Triglyceride (mg/dL) 194.6 ± 113.1 145.2 ± 83.5 0.22

Uric acid (mg/dL) 5.8 ± 1.3 5.8 ± 1.4 0.95

Albumin (g/dL) 4.0 ± 0.4 3.9 ± 0.4 0.69

Hemoglobin (g/dL) 11.8 ± 1.9 11.6 ± 1.9 0.85

Erythropoiesis-stimulating agent (number, %) 3 (23.1) 4 (30.8) 1.00

Glinide (number, %) 3 (23.1) 5 (38.5) 0.67

α-glucosidase inhibitor (number, %) 1 (7.7) 1 (7.7) 1.00

SGLT2 inhibitor (number, %) 1 (7.7) 2 (15.4) 1.00

Insulin (number, %) 3 (23.1) 4 (30.8) 1.00

RAS blocker (number, %) 9 (69.2) 10 (76.9) 1.00

Diuretic (number, %) 7 (53.8) 4 (30.8) 0.43

Statin (number, %) 9 (69.2) 6 (46.2) 0.43

Eicosapentaenoic acid (number, %) 3 (23.1) 3 (23.1) 1.00

Antiplatelet agent (number, %) 6 (46.2) 8 (61.5) 0.70

Antihyperuricemic drug (number, %) 11 (84.6) 9 (69.2) 0.64

Note: Data are presented as mean ± standard deviation, number, or number (%). 
Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; RAS, renin–angiotensin system; SGLT-2, sodium–glucose cotransporter-2.
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Figure 3 Changes in HbA1c over 12 months following the baseline measurement. (A) Changes in HbA1c in the teneligliptin and linagliptin groups. (B) Changes in HbA1c in 
the teneligliptin group. Eleven patients were taking 20 mg/day of teneligliptin (thin solid line) and two patients were 40 mg/day (bold solid line). (C) Changes in HbA1c in the 
linagliptin group. 
Abbreviations: HbA1c, glycated hemoglobin; NS, not significant.
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Figure 4 Changes in FBG over 12 months following the baseline measurement. (A) Changes in FBG in the teneligliptin and linagliptin groups. (B) Changes in FBG in the 
teneligliptin group. Eleven patients were taking 20 mg/day of teneligliptin (thin solid line) and two patients were 40 mg/day (bold solid line). (C) Changes in FBG in the 
linagliptin group. 
Abbreviations: FBG, fasting blood glucose; NS, not significant.
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Figure 5 Changes in UACR over 12 months following the baseline measurement. (A) Changes in UACR in the teneligliptin and linagliptin groups. (B) Changes in UACR in 
the teneligliptin group. Eleven patients were taking 20 mg/day of teneligliptin (thin solid line) and two patients were 40 mg/day (bold solid line). (C) Changes in UACR in the 
linagliptin group. 
Abbreviations: NS, not significant; UACR, urine albumin-to-creatinine ratio.
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Figure 6 Changes in eGFR over 12 months before and after the baseline measurement. (A) Changes in eGFR in the teneligliptin and linagliptin groups. (B) Changes in eGFR 
in the teneligliptin group. Eleven patients were taking 20 mg/day of teneligliptin (thin solid line) and two patients were 40 mg/day (bold solid line). (C) Changes in eGFR in the 
linagliptin group. 
Abbreviation: eGFR, estimated glomerular filtration rate.
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blood glucose-lowering effect of teneligliptin in patients 
with advanced-stage diabetic kidney disease.

Several randomized clinical studies have shown that 
linagliptin reduces urinary protein excretion in patients 
with concurrent type 2 diabetes and renal impairment.8,12 

In the present study, urinary protein excretion did not 
change after switching from linagliptin to teneligliptin. 
These results suggest that teneligliptin might have 
a similar effect on proteinuria in patients with advanced- 
stage diabetic kidney disease. Further studies are needed to 
investigate the anti-proteinuric effect of teneligliptin in 
patients with advanced-stage diabetic kidney disease.

A recent randomized clinical study showed that linaglip-
tin did not ameliorate the rate of decline in the eGFR in 
patients with concurrent type 2 diabetes and renal 
impairment.8 In the present study, the annual rate of decline 
in the eGFR did not change after switching from linagliptin 
to teneligliptin. These results suggest that teneligliptin might 
not have a beneficial effect on renal function decline in 
patients with advanced-stage diabetic kidney disease. 
Further studies are required to investigate the renoprotective 
effect of teneligliptin in patients with advanced-stage dia-
betic kidney disease. In the present study, improvement of 
glucose metabolism and renal parameters was observed in 
a part of the patients after switching from linagliptin to 
teneligliptin. Some patients might respond favorably to tene-
ligliptin treatment. However, the effects of high dose of 
teneligliptin were unclear in our study. Further studies are 
required to investigate which patients are likely to benefit 
from teneligliptin and whether high dose of teneligliptin is 
beneficial in patients with advanced-stage diabetic kidney 
disease.

This study had several limitations. First, it was 
a retrospective observational study; therefore, patient selection 
bias cannot be completely removed from the study, although 
propensity score matching was used to control selection bias 
and balance covariates. Second, the study was performed at 
a single center, which limits the external validity of the results. 
Third, the number of participants in the study was small, which 
may have reduced the statistical power to detect group differ-
ences. Therefore, no statistical significance might be due to the 
under power of our study. Fourth, the reason for choosing each 
treatment regimen for each patient was different. Also, not all 
patients were treated with the same dose of teneligliptin. This 
might cause a significant bias and limit generalizability. Fifth, 
other hypoglycemic agents, including glinide, α-glucosidase 
inhibitor, sodium–glucose cotransporter-2 inhibitor, and insu-
lin, are concomitantly used in the study. The possibility cannot 
be excluded that the dosage of these drugs might have been 
changed during the study period because physicians might 
have adjusted hypoglycemic medications when they observed 
better or worse glycemic control. The adverse effects asso-
ciated with teneligliptin in this study cannot also be assessed 
because of the retrospective nature of study design. Therefore, 
multicenter, large-scale, prospective, randomized clinical stu-
dies with adequate statistical power are required to clarify the 
renoprotective efficacy and safety of teneligliptin in patients 
with advanced-stage diabetic kidney disease.

In conclusion, teneligliptin may not improve glycemic 
control or show any additional renoprotective effects after 
switching from linagliptin.
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