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Purpose: We retrospectively evaluated the long-term effect of dipeptidyl peptidase (DPP)-4 
inhibitors on estimated glomerular filtration rate (eGFR) slopes, and then evaluated the 
beneficial interaction between DPP-4 inhibitor initiation and baseline use of α-glucosidase 
inhibitor and/or metformin in patients with diabetic kidney disease.
Patients and Methods: Altogether, 1512 patients with type 2 diabetes were receiving 
DPP-4 inhibitor therapy over 1 year and were followed up for a maximum of 2 years before 
and after 7 years of treatment. The decline in renal function was estimated as the slope of the 
individual linear regression line of eGFR over 2-year follow-up. Prescription data on 
medications before and after DPP-4 inhibitor treatment were examined.
Results: The mean length of DPP-4 inhibitor treatment was 5.3 ± 2.6 years. The baseline 
mean eGFR slope (mL/min/1.73m2/year) was −2.24 ± 6.05. After DPP-4 inhibitor treatment, 
mean eGFR slope was significantly improved (−1.53 ± 6.36, P < 0.01) in patients with type 2 
diabetes. This effect appeared more pronounced for baseline use of α-glucosidase inhibitor 
and/or metformin in patients with diabetic kidney disease. These non-users showed a trend 
towards attenuation or no effects.
Conclusion: In the present study, patients treated with DPP-4 inhibitors had a significantly 
slower annual loss of kidney function. The benefit appears pronounced in α-glucosidase 
inhibitor and metformin users with advanced renal dysfunction. These results suggest that the 
beneficial effects of DPP-4 inhibitors on kidney function may have occurred in the presence 
of an α-glucosidase inhibitor and/or metformin.
Keywords: DPP-4 inhibitor, α-glucosidase inhibitor, metformin, eGFR slope, type 2 
diabetes

Introduction
Patients with type 2 diabetes mellitus are at increased risk for macrovascular and 
microvascular complications,1 with type 2 diabetes being the leading cause of 
chronic kidney disease (CKD) development.2 Patients with CKD have higher 
mortality and adverse cardiovascular (CV) event rates.3 It has been also known 
that the increases in albuminuria and glomerular filtration rate (GFR) decline are 
associated with a considerably increased risk of CV disease.4

When used as monotherapy, the commonly used oral glucose-lowering agents in 
type 2 diabetes: Dipeptidyl peptidase (DPP)-4 inhibitors, have a low risk of 
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hypoglycemia and generally neutral effects on body weight. 
In addition, DPP-4 inhibitors are tolerable in patients with 
CKD. However, their efficacy in diabetic complication pre-
vention, especially diabetic kidney disease (DKD), is not 
well established. Physiologically, DPP-4 is most expressed 
in the kidneys among all organs,5,6 and some preclinical 
studies have suggested that DPP-4 inhibitors have some 
pleiotropic effects, which might be beneficial to the 
kidney.6–9 However, in clinical trials, the renal protective 
effects of DPP-4 inhibitors were inconsistent.

Recently, a meta-analysis of the three major DPP-4 inhi-
bitor cardiovascular outcomes trials (CVOTs) suggested that 
baseline metformin use may have a moderating effect on 
cardiovascular outcomes in DPP-4 inhibitor use.10 DPP-4 
inhibitors prevent the degradation of active glucagon-like 
peptide-1 (GLP-1),8 and metformin11,12 or α-glucosidase 
inhibitors13,14 increase circulating GLP-1 levels in clinical 
studies. Therefore, it is plausible that these drugs could 
interact synergistically. Nevertheless, it is unknown whether 
metformin or α-glucosidase inhibitor use may be a beneficial 
effect on renal function with DPP-4 inhibitor use. Moreover, 
a majority of these studies only contained short-term follow- 
up data15–18 and included only one DPP-4 inhibitor drug; 
thus, they were unable to evaluate the effects according to 
drug class.

Therefore, we considered it important to examine the 
long-term effect of DPP-4 inhibitor therapy on estimated 
GFR (eGFR) slope in daily clinical practice. Moreover, we 
evaluated the beneficial interaction between DPP-4 inhibi-
tor initiation and baseline use of α-glucosidase inhibitor 
and/or metformin in patients with DKD.

Patients and Methods
Study Design
We screened 2942 patients with type 2 diabetes who had been 
taking DPP-4 inhibitors between January 2008 and 
October 2019 and performed a retrospective observational 
study of 1512 patients who received DPP-4 inhibitor therapy 
for at least 1 year and were followed up for a maximum of 2 
years before and after 7 years of treatment. We evaluated the 
changes in eGFR, urinary albumin-to-creatinine ratio 
(UACR), glycated hemoglobin (HbA1c), body mass index 
(BMI), blood pressure, and heart rate from baseline to the end 
of treatment. The study protocol was reviewed and approved 
by the ethics review committee of the Naka Kinen Clinic. 
The registration number at the University Hospital Medical 
Information Network for this study is UMIN000038801. 

Patient informed consent was obtained in the form of opt- 
out on the web-site of Naka Kinen Clinic. Those who 
rejected were excluded. This study was conducted in accor-
dance with the ethical principles of the Declaration of 
Helsinki and the ethical guidelines for medical and health 
research involving human subjects.

Subjects
The eligibility criteria were as follows: 1) age of 20 years 
or older, 2) patients identified as having type 2 diabetes, 3) 
patients who were on DPP-4 inhibitor therapy for more 
than 1 year, 4) patients who had their eGFR measured at 
least 1 year before and after DPP-4 inhibitor treatment. 
The exclusion criteria were as follows: 1) previous or 
concomitant type 1 diabetes mellitus, 2) patients who 
were considered ineligible by the principal investigator 
or investigator for other reasons.

Endpoints
The primary endpoints of this study were changes in eGFR 
slope and UACR after DPP-4 inhibitor treatment. We calcu-
lated eGFR using the age, body weight, gender, and serum 
creatinine, and the UACR in spot urine samples was calcu-
lated from urinary albumin and creatinine (Cr) levels. We 
calculated the annual eGFR slope as the individual linear 
regression line of eGFR over 2-year follow-up, and a linear 
line with at least 3 point data served for detection. The 
number of eGFR measurements in the baseline period was 
3.7 ± 3.0 times/year, and that in the follow-up period was 4.1 
± 3.5 times/year. Patients were classified based on their 
eGFR categories (G1: >90 mL/min/1.73 m2, G2: <90 and 
>60 mL/min/1.73 m2, G3a: <60 and >45 mL/min/1.73 m2, 
G3b: <45 and >30 mL/min/1.73 m2, G4: <30 and >15 mL/ 
min/1.73 m2, or G5: <15 mL/min/1.73 m2) or their UACR 
categories (normoalbuminuria: <30 mg/gCr, microalbumi-
nuria: >30 and <300 mg/gCr, and macroalbuminuria: 
>300 mg/gCr) according to the Kidney Disease Improving 
Global Outcomes (KDIGO) classification who were not on 
dialysis.19 The secondary endpoints were the statistical inter-
action between DPP-4 inhibitor initiation and baseline use of 
α-glucosidase inhibitor and/or metformin in DKD patients, 
and mean changes in HbA1c, BMI, systolic (SBP) and dia-
stolic blood pressure (DBP), and heart rate before and after 
1 year of treatment with DPP-4 inhibitors.

Statistical Analysis
Data in all tables and figures are presented as the arithmetic 
mean ± standard deviation (SD), except the UACR data, 
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which are presented as the geometric mean with a 95% 
confidence interval (CI). For the annual eGFR slope, paired 
t-tests were used to analyze differences between pre- and 
post-treatment. A comparison between the mean value 1 year 
before and after treatment for UACR, HbA1c, body weight, 
SBP and DBP, and heart rate, was performed using a paired 
t-test. A two-sided P value <0.05 was considered statistically 
significant, and the two-sided 95% CI was also calculated. 
Analyses were conducted with Prism 8.3 software.

Results
Patient Disposition and Baseline 
Characteristics
The patient dispositions are shown in Figure 1. Of the 2942 
patients screened, 1512 completed the study, including 495 
patients with CKD (defined as an eGFR <60 mL/min/ 
1.73 m2). There were 966 males (63.9%) and 546 females 
(36.1%), with a mean age of 66.6 ± 10.7 years, mean BMI of 
22.9 ± 3.1 kg/m2, mean HbA1c of 7.2 ± 1.0% (55.6 ± 11.4 
mmol/mol), mean eGFR of 67.5 ± 19.2 mL/min/1.73 m2, 
mean UACR of 18.8 (4.7–75.6) mg/gCr, mean SBP of 131.9 
± 16.2 mmHg, mean DBP of 74.4 ± 11.2 mmHg, and mean 
heart rate of 79.7 ± 13.7 beats/min. Patients with eGFR stage 
G1 were younger (a mean age of 57.8 years) than that with 
stage G2 to G5 (mean ages of >65 years), and higher mean 

HbA1c (7.6%) than that with stage G2 to G5 (range of mean 
HbA1c from 6.9% to 7.2%).

The mean length of DPP-4 inhibitor treatment was 5.3 ± 
2.6 years. Eight DPP-4 inhibitors were used alogliptin 
(44.7%), sitagliptin (42.2%), teneligliptin (5.0%), anagliptin 
(4.4%), linagliptin (1.5%), vildagliptin (1.5%), saxagliptin 
(0.5%), and trelagliptin (0.3%). The number of prescriptions 
per patient before and 1 year after the initiation of DPP-4 
inhibitor therapy ranged from 1.9 ± 1.0 to 2.5 ± 1.0. From 
baseline to 1 year after the initiation of treatment, the use of an 
α-glucosidase inhibitor (from 76.3% to 69.6%), biguanide 
(61.7% to 56.3%), insulin (18.3% to 14.6%), thiazolidine 
(13.1% to 4.4%), glinide (11.2% to 1.2%), and sulfonylureas 
(10.4% to 2.1%) declined, whereas the use of a sodium- 
glucose cotransporter 2 (SGLT2) inhibitor (0.9% to 1.4%) 
increased. Moreover, the treatment of 1.1% of patients were 
switched from a GLP-1 receptor agonist to a different therapy.

Changes in eGFR Slope for Each Patient 
Using the Linear Regression Coefficient 
and Analyzed by Baseline GFR Categories 
and Treatment Drugs
The time-course of eGFR at the period for a maximum of 2 
years before and after 7 years of treatment with DPP-4 
inhibitors is shown in Figure 2A. Renal function decline 

Figure 1 Patient disposition.
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was estimated as the slope of the individual linear regression 
line of eGFR over 2-year follow-up. The baseline eGFR 
slope was −2.24 ± 6.05 mL/min/1.73 m2/year, and DPP-4 
inhibitor treatment significantly improved the eGFR slope to 
−1.53 ± 6.36 mL/min/1.73 m2/year (P < 0.01). Patients were 
classified into 5 categories based on their eGFR, and their 
eGFR slopes were determined. The decline in the mean 
eGFR at stages G2 to G5 was slightly slower following the 
DPP-4 inhibitor treatment compared with before treatment 

initiation, but patients with eGFR stage G1were associated 
with accelerated eGFR decline (Figure 2B). The eGFR 
slopes at stages G1 to G5 before and after DPP-4 inhibitor 
treatment are shown in Figure 3. DPP-4 inhibitor therapy 
significantly improved the eGFR slope at stages G2 to G3b 
and tended to improve the slope (P = 0.05) at stage G4–5, 
but the slope at stage G1 was significantly steeper (P < 0.05).

Most of the patients with CKD (78.2%) were receiving 
either an α-glucosidase inhibitor or metformin from 1 year 

Figure 2 Effect of DPP-4 inhibitors on decline in eGFR in all patients (A) and patients with stages G1 to G5 chronic kidney disease (B). (A) Open and closed circles 
represent data from pre- and post-treatment with DPP-4 inhibitors, respectively. (B) Open and closed symbols represent data from pre- and post-treatment with DPP-4 
inhibitors, respectively. Circle, G1; rhombus, G2; inverted triangle, G3a; triangle, G3b; square, G4–5. Data are the mean ± SD.
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before to 1 year after the initiation of the DPP-4 inhibitor 
treatment. We evaluated the effect of DPP-4 inhibitors on 
eGFR slope with or without an α-glucosidase inhibitor 
and/or metformin (Table 1). eGFR slopes with both an α- 
glucosidase inhibitor and metformin were significantly 
improved after DPP-4 inhibitor administration compared 
with the pretreatment period; however, no improvement 
was seen in those without these treatments (Table 1).

From 1 year before to 1 year after the initiation of the 
DPP-4 inhibitor treatment, 40.8% of the patients with CKD 
were receiving an angiotensin II receptor blocker. Regardless 
of the presence (from −2.66 ± 4.49 to −1.27 ± 4.11 mL/min/ 
1.73 m2/year, P < 0.01, n = 202) or absence (from −2.53 ± 
4.42 to −0.89 ± 8.57 mL/min/1.73 m2/year, P < 0.05, n = 
180) of an angiotensin II receptor blocker, DPP-4 inhibitor 
therapy significantly improved the eGFR slope. However, 
given that only six patients (1.2%) with CKD were receiving 
an SGLT2 inhibitor, differences in eGFR slope between with 
and without SGLT2 inhibitor were not clear.

Changes in UACR
Changes in UACR determined by the analysis of baseline 
UACR categories before and after DPP-4 inhibitor treatment 

are shown in Figure 4A and B. From the comparison of the 
means before and 1 year after the initiation of DPP-4 inhi-
bitor therapy, UACR was significantly reduced (from 20.9 
[95% CI: 5.6–78.2] to 20.1 [5.2–77.6] mg/gCr, P < 0.05) 
(Figure 4B), and its effect was sustained for at least 7 years of 
treatment (Figure 4A). When analyzed according to baseline 
albuminuria, UACR was reduced; however, it did not differ 
significantly for any UACR categories in comparison to that 
before treatment (normoalbuminuria: <30 mg/gCr, microal-
buminuria: >30 and <300 mg/gCr, and macroalbuminuria: 
>300 mg/gCr) (Figure 4B).

Changes in HbA1c, BMI, Blood Pressure, 
and Heart Rate
When the means before and after 1 year of treatment were 
compared, DPP-4 inhibitor therapy significantly decreased 
HbA1c (from 7.2 ± 0.9 [54.8 ± 9.4] to 6.9 ± 0.8% [51.7 ± 9.0 
mmol/mol], P < 0.01), BMI (from 23.0 ± 3.1 to 22.9 ± 
3.1 kg/m2, P < 0.01), SBP (from 131.7 ± 12.8 to 130.9 ± 
12.6 mmHg, P < 0.01), DBP (from 74.3 ± 9.7 to 74.1 ± 9.4 
mmHg, P = 0.07) and significantly increased heart rate 
(from 79.6 ± 11.5 to 80.6 ± 11.3 beats/min, P < 0.01). 

Figure 3 Effect of DPP-4 inhibitors on eGFR slope in patients with stages G4–5 (A), G3b (B), G3a (C), G2 (D), and G1 (E). Data are the mean ± SD. *P < 0.05, **P < 0.01 
vs pre-value by paired t-test.
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Moreover, these effects were sustained for at least 7 years of 
treatment, except for blood pressure (Figure 5).

Discussion
This clinical study demonstrated for the first time that the 
long-term administration of DPP-4 inhibitor improves the 
annual rate of kidney function decline, as assessed by 
eGFR slopes in patients with type 2 diabetes and CKD. 
In addition, we found that add-on DPP-4 inhibitor therapy 
has been the preferred to α-glucosidase inhibitor and/or 
metformin users. We interpret these findings to suggest 
that the effect of add-on DPP-4 inhibitor therapy may 
contribute to the amelioration of DKD development and 
progression.

In this study, DPP-4 inhibitor therapy significantly 
improved the eGFR slope at stages G2, which may prevent 
or delay the onset of CKD. However, further research is 
necessary to demonstrate the clear renal protection bene-
fits, while DPP-4 inhibitor therapy in patients with stage 
G1 was significantly steeper. Hyperfiltration is a typical 
feature of type 2 diabetic patients, and hyperglycemia is 
clearly involved in this hemodynamic abnormality.20 In 
older patients with type 2 diabetes, hyperfiltration can be 
masked by this age-related decline in GFR.20 Therefore, 
since DPP-4 inhibitor therapy has shown a further reduc-
tion of HbA1c in relatively younger patients with stage 
G1, it suggests that DPP-4 inhibitor therapy may correct 
hyperfiltration.

It has been shown in DPP-4 inhibitor CVOTs that the 
long-term administration of DPP-4 inhibitors appear to have 
a neutral effect on cardiovascular outcomes compared with 
placebo.21–24 A consensus report, by the American Diabetes 
Association (ADA) and the European Association for the 
Study of Diabetes (EASD), recommends metformin as first- 

line therapy.25 However, in the three major DPP-4 inhibitor 
CVOTs, baseline metformin nonusers were 20–30% of the 
total population, and prevalent users of metformin experi-
enced a trend toward reduction of CV events with DPP-4 
inhibitors, while baseline nonusers showed a trend towards 
harm.10 These results suggest that baseline metformin use 
may be a moderator of the effect of DPP-4 inhibitors on CV 
outcomes. Furthermore, in the sitagliptin CVOT, the mean 
eGFR reduction over 4 years from baseline was no signifi-
cant differences between the sitagliptin and the placebo 
group for each eGFR stage, because the sitagliptin CVOT 
participants with reduced baseline kidney function were less 
likely to be taking metformin.26 The present study has shown 
that add-on DPP-4 inhibitor therapy significantly improved 
the eGFR slope in metformin users. Therefore, DPP-4 inhi-
bitor therapy may not only prevent CV events but may 
equally reduce the risk for renal events with concurrent 
metformin use.

Moreover, we have demonstrated that baseline α- 
glucosidase inhibitor and/or metformin use induces 
a potential moderating effect on renal function with DPP-4 
inhibitor initiation. α-Glucosidase inhibitor and metformin 
have been each shown to increase GLP-1 secretion through 
different mechanisms.11–14 In addition, add-on therapy with 
anagliptin in type 2 diabetes patients treated with miglitol and 
metformin for 52 weeks enhanced postprandial concentra-
tions of active GLP-1 level.27 Thus, the combination of DPP- 
4 inhibitors and α-glucosidase inhibitor and/or metformin 
would be expected to provide an additive or synergistic effect 
via increased GLP-1 levels. Furthermore, the prescription of 
the main dose of metformin (750 mg/day) in this study has 
been through 250 mg tablets administered three times per day 
with meals as well as α-glucosidase inhibitors. Therefore, 
multidisciplinary therapy including the quality of drug 

Table 1 Effect of DPP-4 Inhibitors on eGFR Slope with or without an α-Glucosidase Inhibitor and/or Metformin

User n eGFR slope (mL/min/1.73 m2/year) P

Before After Change

All 495 −2.65 ± 4.46 −1.30 ± 6.32 1.35 ± 7.89 <0.01

α-GI − 64 −3.05 ± 4.93 −2.72 ± 13.69 0.33 ± 15.63 0.50
+ 363 −2.42 ± 4.17 −1.22 ± 3.86 1.20 ± 5.61 <0.01

Metformin − 177 −2.44 ± 4.57 −1.95 ± 8.75 0.49 ± 10.45 0.21
+ 217 −2.46 ± 4.23 −0.92 ± 4.19 1.54 ± 5.91 <0.01

α-GI and/or 

metformin

− 45 −2.91 ± 4.95 −2.91 ± 16.27 −0.00 ± 18.45 0.72

+ 387 −2.50 ± 4.29 −1.13 ± 3.86 1.37 ± 5.89 <0.01

Abbreviation: α-GI, α-glucosidase inhibitor.
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therapy and medication management may contribute to at 
least a partial prevention of DKD development and 
progression.

A previous report in Japan found that DPP-4 inhibitors 
were most frequently (50–60%) prescribed to drug-naive 
patients as the first-line treatment.28 Ease of use in patients 
with renal impairment and frequency of administration 
were the most influential factors in choosing a DPP-4 
inhibitor.28 In the present study, the number of prescrip-
tions per patient as initial therapy of DPP-4 inhibitors were 

9.9%. The use of metformin in accordance with ADA/ 
EASD guidelines could derive beneficial effects of DPP- 
4 inhibitors as a result.

The renin-angiotensin system (RAS) blockade with 
angiotensin-converting enzyme inhibitors or angiotensin 
II receptor blockers are widely used and are known to 
induce a slowing in DKD progression.29,30 In this study, 
the observed benefits of DPP-4 inhibitors were consistent 
regardless of the baseline use of RAS blockade. Thus, 
these results imply that the DPP-4 inhibitor may be 

Figure 4 The time-course of UACR before and after the treatment with DPP-4 inhibitors in all patients (A) and effect of DPP-4 inhibitors on UACR by comparison of the 
means of administration before and after 1 year in all patients and those with stages A1 to A3 (B). Data are the geometric mean with a 95% CI. *P < 0.05 vs pre-value by 
paired t-test. UACR, urinary albumin-to-creatinine ratio.
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recommended to be routinely offered to patients with type 
2 diabetes and CKD.

DPP-4 inhibitors marginally decreased the change in 
geometric mean UACR after 1 year of treatment compared 
with baseline. Previous studies suggested that DPP4 inhi-
bitors may delay the progression of albuminuria.15–18 In 
any case, given that albuminuria is a pivotal marker in 
predicting the risk for end-stage renal disease, it is likely 
that this effect of DPP-4 inhibitors may contribute, at least 
in part, to the prevention of DKD progression.

The present study had several limitations. First, since it 
was a retrospective cohort study with no control group, it 
is difficult to demonstrate causation. However, the eGFR 
slope was compared with a follow-up of maximum 2 years 
before and after 7 years of treatment with DPP-4 inhibi-
tors. The results of this study suggested that the effects of 
DPP-4 inhibitors in clinical practice may conform to the 
characteristics. Second, our methods of estimating eGFR 
slopes did not consider non-linear and time-varying pat-
terns of eGFR decline. However, a study showed that 
slopes were linear for 83% of individuals with diabetes 
and normal kidney function.31 Third, it was not powered 

for analyses of the individual renal outcomes. Moreover, 
patients with mean eGFR of 67.5 mL/min/1.73 m2 were 
followed up for 5.3 ± 2.6 years, and therefore, we cannot 
extrapolate to longer-term effects in routine clinical prac-
tice. Furthermore, the label states that metformin is contra-
indicated at an eGFR <30 mL/min/1.73 m2. However, 
there may be a potential slowing in the reduction of the 
eGFR with DPP-4 inhibitors in patients with a low base-
line eGFR. Further studies are needed to determine the 
renal outcomes in a prospective cohort study.

Conclusion
The long-term administration of DPP-4 inhibitor resulted 
in a significantly slower annual loss of kidney function, 
which was determined using eGFR slopes in patients with 
type 2 diabetes and CKD. In addition, DPP-4 inhibitor 
add-on therapy has been the preferred to α-glucosidase 
inhibitor and/or metformin users. These findings suggest 
that the effect of DPP-4 inhibitor add-on therapy may 
contribute to the amelioration of DKD development and 
progression.

Figure 5 Effect of DPP-4 inhibitors on HbA1c (A), body weight (B), systolic and diastolic blood pressure (C), and heart rate (D) in patients with type 2 diabetes. Data are 
the mean ± SD.
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