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Abstract
Background Dipeptidyl peptidase-4 (DPP-4) inhibitors are commonly used for the treatment of type 2 diabetes and have 
been previously shown to prevent diabetic renal injury via various mechanisms, including the attenuation of oxidative stress. 
Therefore, we hypothesized that linagliptin, a DPP-4 inhibitor, attenuates oxidized stress and diabetic renal injury.
Methods In total, 30 patients with type 2 diabetes who were undergoing treatment with linagliptin (5 mg) during the 3-month 
study period were enrolled. Oxidative stress markers [serum malondialdehyde-modified LDL (MDA-LDL) and urinary 
8-hydroxydeoxyguanosine (8-OHdG)], an inflammatory marker (high-sensitive CRP), urinary albumin excretion, estimated 
GFR, and a urinary tubulointerstitial injury marker [urinary liver-type fatty acid-binding protein (L-FABP)] were evaluated 
at baseline and after 3 months of treatment.
Results Following linagliptin treatment, serum MDA-LDL, serum HbA1c, and urinary L-FABP levels significantly 
decreased, while urinary 8-OHdG tended to decrease. In contrast, 1,5-AG levels increased, and high-sensitive CRP and 
urinary albumin excretion remained unchanged.
Conclusion In this study, we demonstrated that linagliptin partially attenuated oxidative stress. We also demonstrated that 
linagliptin treatment reduced urinary L-FABP excretion, suggesting that renal tubule-interstitial injury may be attenuated 
by linagliptin (UMIN 000015308).
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Introduction

Diabetic kidney disease (DKD) is a leading cause of end-
stage renal disease, along with the increasing rate of type 
2 diabetes worldwide. DKD causes proteinuria, leading to 
renal dysfunction, and is an important risk factor for cardio-
vascular diseases [1]. Therefore, improvements in the clini-
cal outcomes of diabetic patients are crucial to prevent DKD 
progression in addition to preventive measures, such as strict 
glycemic and blood pressure control using renin–angioten-
sin system inhibitors [2]. Dipeptidyl peptidase-4 (DPP-4) 

inhibitors are hypoglycemic agents that enhance the action 
of endogenous glucagon-like peptide-1 (GLP-1) and glu-
cose-dependent insulinotropic polypeptide (GIP). GLP-1 
primarily acts in the pancreatic islets, wherein it stimulates 
insulin secretion and inhibits glucagon secretion [3]. In addi-
tion, previous experimental studies have demonstrated that 
GLP-1 shows direct protective action on the cardiovascular 
system and kidneys [4]. Therefore, DPP-4 inhibitors can pre-
vent DKD progression by enhancing GLP-1 action. Lina-
gliptin, a DPP-4 inhibitor, has a xanthine-based molecular 
structure [5] and, therefore, may diminish oxidative stress, 
which plays a key role in DKD progression [6].

Therefore, we investigated the effects of linagliptin on 
oxidative stress markers and DKD progression in patients 
with type 2 diabetes in a single-arm prospective interven-
tional study.
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Methods

Study subjects

Diabetic patients aged 20–80 years were eligible for inclu-
sion in this study. Exclusion criteria included the start 
or withdrawal of statins, pioglitazone, or renin–angio-
tensin system inhibitors within 1 month prior to enroll-
ment. Finally, 30 patients (24 males and 6 females; age, 
68 ± 7 years) were enrolled.

Study design

This study was single-center single-arm interventional 
study. Study subjects were treated with linagliptin (5 mg). 
Other medications for diabetes, hypertension, and hyper-
lipidemia were unchanged throughout the 3-month study 
period.

Study endpoint

The primary endpoint was changes from baseline in serum 
malondialdehyde-modified LDL (MDA-LDL) levels, high-
sensitive CRP levels, urinary 8-hydroxydeoxyguanosine 
(8-OHdG) excretion, and urinary liver-type fatty acid-
binding protein (L-FABP) excretion to the end of 3-month 
linagliptin treatment. The secondary endpoint was changes 
from baseline in urinary albumin/creatinine ratio (ACR) 
and estimated glomerular filtration rate (eGFR) to the end 
of 3-month linagliptin treatment.

Laboratory analysis

Blood samples were obtained after 12-h fasting to meas-
ure MDA-LDL and high-sensitive CRP levels. Urinary 
8-OHdG, L-FABP, albumin, and creatinine levels were 
measured using single-voided urine samples. Plasma glu-
cose, 1,5-anhydroglucitol (1,5-AG), HbA1c, LDL choles-
terol, HDL cholesterol, triglyceride, and creatinine levels 
were also measured.

Statistical analysis

Data are expressed as mean ± standard deviation (SD). 
Student’s t test was used to compare changes in param-
eters from baseline to the end of the 3-month study period. 
The strength of correlation between variables was deter-
mined using Spearman’s rank correlation coefficient. All 

statistical analyses were performed using the JMP 8.0 
(SAS Institute, Inc., Cary, NC, USA).

Results

Baseline patient characteristics are summarized in Table 1. 
Mean patient BMI was 24.8 ± 3.7; mean systemic blood pres-
sure was 125 ± 15/73 ± 11 mmHg. The following medica-
tions were administered during the study period: sulfonylu-
rea (n = 12), biguanide (n = 20), alpha-glucosidase inhibitors 
(n = 10), insulin (n = 12), angiotensin-converting enzyme 
inhibitor and/or angiotensin receptor blockers (n = 9), and 
statin (n = 16). No patient was administered SGLT2 inhibi-
tor. After 3-month linagliptin treatment, mean HbA1c level 
significantly decreased, and mean 1,5-AG level significantly 
increased, reflecting the postprandial hyperglycemic status 
of the patients. Mean TG level significantly decreased after 

Table 1  Baseline characteristics

Mean ± SD
BMI body mass index, SBP systolic blood pressure, DBP diastolic 
blood pressure, HbA1c hemoglobin A1c, FPG fasting plasma glu-
cose, TG triglyceride, HDLC high-density lipoprotein cholesterol, 
LDLC low-density lipoprotein cholesterol, eGFR estimated glomeru-
lar filtration rate, 1,5-AG 1,5-anhydroglucitol, ACR  albumin/creati-
nine ratio, CVD cardiovascular disease, RAS rennin–angiotensin sys-
tem

Age (years) 68 ± 7
M/F 24/6
Body weight (kg) 66.4 ± 11.5
BMI 24.8 ± 3.7
SBP (mmHg) 125 ± 15
DBP (mmHg) 73 ± 11
HbA1c (%) 7.9 ± 1.2
FPG (mg/dl) 149 ± 32
TG (mg/dl) 162 ± 100
HDLC (mg/dl) 46 ± 15
LDLC (mg/dl) 104 ± 24
eGFR (ml/min/1.73 m2) 63.9 ± 20.1
1,5-AG (mg/ml) 7.8 ± 4.2
Log ACR (mg/gCr) 1.34 ± 0.71
Hypertension (Y/N) 25/5
Dyslipidemia (Y/N) 25/5
History of CVD (Y/N) 16/14
Statin (Y/N) 16/14
RAS inhibitor (Y/N) 11/19
Sulfonylurea (Y/N) 12/18
Biguanide (Y/N) 20/10
Α-glucosidase inhibitor (Y/N) 10/20
Insulin (Y/N) 2/28
Pioglitazone (Y/N) 1/29
Sodium glucose transporter 2 inhibitor 0/30
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3 months, whereas mean LDLC and HDLC levels did not 
significantly change. MDA-LDL, an oxidized LDL, signifi-
cantly decreased (Fig. 1a), while urinary 8-OHdG levels 
tended to decrease after 3 months although this change was 
not significant (Fig. 1b). However, uric acid was not changed 
significantly although linagliptin has a xanthine-based 
molecular structure [5]. Both ΔMDA-LDL and Δurinary 
8OHdG were not significantly associated with ΔHbA1c 
(Table 3). There were no significant changes in high-sen-
sitive CRP (Fig. 1c), ACR, and eGFR levels (Table 2), 
whereas urinary L-FABP, a tubulointerstitial injury marker, 
significantly decreased after 3 months (Fig. 2). Furthermore, 
the Δurinary L-FABP was not significantly associated with 
ΔHbA1c (Table 3). Metformin was reported to enhance the 
effect of DPP4 inhibitor on GLP-1 level [7], suggesting that 
DPP4 inhibitor plus metformin may be more potent GLP-1 
action. However, there was no significant difference between 
presence and absence of metformin in ΔHbA1c (presence; 
− 1.07 ± 1.56, absence; − 0.86 ± 0.60), ΔMDA-LDL (pres-
ence; − 49.9 ± 46.72, absence; − 1.33 ± 35.6), Δurinary 
8OhDG (presence; − 1.47 ± 5.27, absence; 0.70 ± 3.37), 
and Δurinary L-FABP (presence; − 1.26 ± 4.42, absence; 
− 0.86 ± 1.96).    

Discussion

Tubulointerstitial injury rather than glomerular injury 
is strongly associated with chronic kidney disease 
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Fig. 1  Effect of linagliptin on oxidative stress and inflammation 
markers after 3 months of treatment: a MDA-LDL (mg/dl), b urinary 
8-OHdG excretion (ng/gCr), and c high-sensitive CRP ng/ml levels at 
baseline (0 M) and after 3 months of treatment (3 M). Data express 
mean ± SD

Table 2  Changes in glucose and lipid profiles

Mean ± SD
SBP systolic blood pressure, DBP diastolic blood pressure, HbA1c 
hemoglobin A1c, FPG fasting plasma glucose, TG triglyceride, 
HDLC high-density lipoprotein cholesterol, LDLC low-density lipo-
protein cholesterol, 1,5-AG 1,5-anhydroglucitol, GFR glomerular fil-
tration rate
*P < 0.05 vs. baseline, **P < 0.01 vs. baseline

Baseline 3 months

Body weight (kg) 66.4 ± 11.5 64.5 ± 11.4*
SBP (mmHg) 125 ± 15 128 ± 12
DBP (mmHg) 73 ± 11 74 ± 7
HbA1c (%) 7.9 ± 1.2 6.9 ± 0.6**
FPG (mg/dl) 149 ± 32 134 ± 23*
TG (mg/dl) 162 ± 100 134 ± 95*
HDLC (mg/dl) 46 ± 15 48 ± 14
LDLC (mg/dl) 104 ± 24 97 ± 26
1,5-AG (mg/ml) 7.8 ± 4.2 12.7 ± 6.0**
Uric acid (mg/dl) 5.8 ± 1.4 5.9 ± 1.1
Estimated GFR (ml/min/1.73 m2) 63.9 ± 20.1 62.3 ± 20.2
Urinary albumin excretion (mg/gCr) 200.6 ± 876.0 149.1 ± 608.7
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Fig. 2  Effect of linagliptin on urinary L-FABP excretion after 
3 months of treatment: data express mean ± SD

Table 3  Association between ΔHbA1c and ΔMDA-LDL, Δurinary 
8OHdG, and Δurinary L-FABP

R P

ΔMDA-LDL 0.21 0.258
Δurinary 8OHdG − 0.204 0.316
Δurinary L-FABP 0.216 0.258
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progression [8, 9]. L-FABP is a 15-kD fatty acid-binding 
protein expressed in the proximal tubules of the human 
kidneys and reflects the tubulointerstitial injury of the 
kidneys [10]. Urinary L-FABP has been reported to be 
a predictive marker for renal prognosis in the early stage 
of DKD, likely reflecting tubulointerstitial injury dur-
ing the early disease stage [11, 12]. The present study 
demonstrated that urinary L-FABP excretion decreased 
following linagliptin treatment in patients with type 2 
diabetes. To the best of our knowledge, this is the first 
clinical report demonstrating the preventive effect of lina-
gliptin treatment on tubulointerstitial injury in DKD. In 
this study, the change rate of L-FABP was not associated 
with change rate of HbA1c. These results suggest that 
reduction of L-FABP may be not due to glycemic control 
improvement. A recent clinical study showed that switch 
from other DPP4 inhibitors including linagliptin (subjects 
with linagliptin was only two) to anagliptin treatment sig-
nificantly decreased urinary L-FABP excretion in spite of 
HbA1c level was not changed [13]. These suggests that 
each DPP4 inhibitor may have different effect on urinary 
L-FABP excretion.

A previous study has demonstrated that GLP-1 recep-
tors are expressed in the glomeruli and small vessels of 
the kidneys and that a GLP-1 analog ameliorated diabetic 
renal injury in diabetic mice [14]. In the clinical setting, the 
LEADER trial has demonstrated that liraglutide, a GLP-1 
analog, improved renal prognosis [15]. Thus, the enhance-
ment of GLP-1 action can prevent DKD progression, and the 
renal protective effect of linagliptin may, at least in part, be 
due to the enhancement of GLP-1 action.

Inflammation plays a key role in DKD progression [6]. 
DPP-4 is highly expressed in the kidneys [16] and has been 
reported to directly enhance inflammation [17]. These data 
indicate that DPP-4 inhibitors can prevent diabetic renal 
injury by inhibiting inflammation. However, our results 
showed no decline in high-sensitive CRP levels following 
linagliptin treatment although linagliptin might suppress 
local inflammation in the kidneys.

Linagliptin has a xanthine-based molecular structure 
[5], and, therefore, may exert anti-oxidant effects. Oxida-
tive stress plays a key role in the progression of diabetic 
renal injury. Indeed, an experimental study has demonstrated 
that linagliptin prevented the progression of diabetic renal 
injury by inhibiting oxidative stress in a rat model [18]. Our 
study demonstrated that the levels of oxidized LDL and uri-
nary 8-OHdG decreased following linagliptin treatment and 
change rate of these oxidative stress markers was not associ-
ated with change rate of HbA1c, suggesting that linagliptin 
may reduce oxidative stress independent glucose lowering 
effect, although serum uric acid level was not decreased by 
linagliptin treatment in this study.

A previous clinical study has demonstrated that urinary 
albumin excretion was attenuated by sitagliptin treatment 
[19]. Moreover, the SAVOR-TIMI 53 trial has shown that 
saxagliptin treatment prevented the progression of diabetic 
nephropathy stage, as defined by urinary albumin excretion 
[20]. However, in the present study, ACR did not change fol-
lowing linagliptin treatment despite the attenuation of tubu-
lointerstitial injury marker. The duration of this study may 
have been inadequate to investigate the effect of linaglip-
tin on urinary albumin excretion. Indeed, the MARLINA-
T2D trial has shown that linagliptin could not significantly 
improve albuminuria compared with placebo when exam-
ined over a relatively short duration (24 weeks) [21]. Fur-
thermore, an experimental study has shown that linagliptin 
treatment prevented tubulointerstitial injury by inhibiting 
kidney fibrosis via endothelial–mesenchymal transition in 
diabetic mice [22], suggesting that linagliptin might be more 
effective in protecting the tubulointerstitial injury than the 
glomerular injury of DKD.

This study has several limitations. This was a small sin-
gle-center single-arm study conducted over relatively short 
duration. Therefore, this study could not demonstrate the 
effect of linagliptin precisely. Furthermore, we did not evalu-
ate other standard markers of tubule-interstitial injury such 
as urinary NAG and β2 microglobulin. Therefore, a large 
randomized control trial over long duration which evalu-
ates tubule-interstitial injury markers as primary outcome 
is warranted to confirm the effects of linagliptin on diabetic 
tubulointerstitial injury.

In conclusion, we demonstrated that linagliptin treatment 
partially attenuated oxidative stress in this single-arm pilot 
study. Furthermore, we demonstrated that urinary L-FABP 
excretion was decreased by linagliptin, suggesting that lina-
gliptin might have preventive effect on tubule-interstitial 
injury in patients with type 2 diabetes. We posit that the 
large clinical trial, CAROLINA [23] and CARMELINA 
[24], which are currently in progress, may demonstrate the 
effects of linagliptin on diabetic vascular complications, 
including DKD, although outcomes of those trials do not 
include renal tubulointerstitial injury markers.
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